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i. affias 

The purpce of thU contrwt it to design «id develop a silicon, ultra- 

high frequency powr trMaistor cap^>le of delivering 5 w*tts at 500 

aegacyeles vlth minimws of 50 percent efficiency and lOdb power gain. 

The device will be constructed In accordance with Signal Corps Tech- 

nical Requireaents No. SCL-TOCC/lll dated 25 August 196l.   These re- 

qulr«BBOts are listed below. 

A.      SPBCIFICATIOie 

MUHMLJM RATIHSS AT 25*C 

Paraoeter 

BV CEO 

BV EBO 

LV CER 

Rating 

75Vdc 

5 Vdc 

60 Vdc at R^IO 0 

12 watts at 25*0 case temp. 

1.0 Adc 

200*0 

-65*0 to 200*0 
■3tg 

(IROUP A mSPECTION 

Exanlnatlon 
or Test Conditions 

VCE   * 75VdC 

V0 

Symbol 

lCEO 

Limits 
Min           Max 

100 

Unit 

Collector Cut- 
off Current 

liAdc 

Collector Cut- 
off Current 

VCE   " 28Vdc 

VEB-0 

ICES 
1 pAdc 
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Limits 
Examination 

Conditions Syw ol 

lCES 

Min Max Units 
or Test 

- 100 
Collector Cut- 

uAdc 

off Current W ■ 0 
Suatainlng Ic- JQnAdc LVCER 

60 - Vdc 

Voltage 

Kmltter Cut- VEB 
- yiie IEB0 

m 100 „dc 

off Current Ic" 0 

Static For- VCE 
m  28Vdc Si 20 60 * 

vard Current 
In  " 557»iAdc . , 

Transfer Ratio C 

Base Spreading VCE 
- 28Vdc rb' • 10 ohms 

Resistance Ic- 557^«lc 

Output Capaci- VCB 
- 28V Cob 

• 5 (ipf 

tance h' 0 
Small Signal VCE 

- 28Vdc »Ve 
12 - dt 

Short Circuit 
I« ■ ■ 557toa 

Forward Current C 
Transfer Ratio f - . 500 mc 

Saturation Ic- • TOCbAdc V-*3 - 0.5 Volti 

Voltage h' . 15CfcAdc 

Power Gain VCE 
1c■ 
f - 

. 28Vdc 

. 557BAdc 

500BC 

P.O. 10 Al 

P . 0.5 watts 

Tc<55-C 

Oscillator VCE 
- 28Vdc P. 0. 5 - Watt 

Output 
lC 

- 557mAdc 

F - 50anc 

In addition to the above, a Group B inspection shall be perfonsed, consi.ting 

of the following examinations and tests. 

I 
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r.ROUP B INSPECTION 
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Examination or 
Tust Conditions Synbol 

Limits 
Min     Max Units 

Sabgroigp 1 

Soldering 

Tesperature 
Cycling 

Moisture 
Resistance 

Subgroup 2 

Shock 

Constant 
Acceleration 

Vibration, 
Fatigue 

Vibration, 
Variable Fre- 
quency 

Subyoup } 

Thermal Resistance 

SubftrouP k 

Storage Life 

.6l*C  to tOO'C 
5 cycles 

Sloe-ope rating 
500g 

10,0C0g 

Noo-operating 

'J-C 

T -" 200*C 
1000 hours 

Subgroups 1. 2 and k Test End Points 

Collector Cut- 
off Current 

Collector Cut- 
off Current 

Emitter Cutoff 
Current 

VCE " "^ 

VCE - 28Vdc 

VEB-0 

VEB - 5Vdc 

^CEO 

CES 

^BO 

1U.6 •c/w 

200 

L'OO 

uAdc 

pAdc 

^Adc 

I 
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Examination or 
Test  

Static Forvard 
Current Trans- 
fer Ratio 

Conditions 

•CE 
■ 28Vdc 

JJTtaAdc 

Symbol 
Limits 

Mir Hax 

18 

Units 

B#  CA.°S DESIGN AIP CONSTSUCTIGH 

The ease shall be of ths doubl« ended stud typ« Incorpcratlng mean« 

for readily mounting the trarslstor. It shall also be «l«ctrlcally 

Insulated fro» th« collector, emitter and ba»«. 
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II. ABSTRACT 

An i-provd «MM ***** ***** .tructure, cal2-'d the overlay 

.tructure, ha. been d«.lgn«i which re.ult. in high «dtter periphery to 

e^tter area and «IM« Periphery to ba.e area ratio.. Thi. .tructure 

incorporate, -any «all individual .if. to -ate up the nece..ary e^tter 

periphery rather than a few continue«, .tripe, a. in the interdigitatl 

.tructure. 

Difficultie. ...ociated with the fabrication of thi. device re.ulted in 

the da.ign of a diffu.ed overlay .tructure which retain, the advantage, 

of the original device but reduce, fabrication problem.. 

Experi»ental .tudie. ...ociated with the developaent of thi. device have 

re.ulted in .ignificant .tate-of-the-art advance, in the technique, of 

photooaak fabrication, photolithography and diffaalon. 

Two hundred final tran.i.tor. were .ubaitted to the Contracting Agency. 

Power gain iDea.ure»nt8 of the.e device., u.ing a 500 megacycle Cla.. C 

amplifier employing tuned line., re.ulted in approximately J.U to J.»» 

watt, output. The median device had a power gain of 6.0 db at k.O watt 

output power. 

1 

1 
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HI.  PUBLICATIONS. REPORTS AM) CONFERENCES 

Since the last report period, a conference WM held on 29 August 196}, 

at the United Statea Anay Signal Research and Developaent Laboratories, 

Fort MoMOuth, Hew Jersey between Mr. K. Pisher of the Signal Corps 

and representatives of Radio Coxporation of Aaerica. The conference 

discussion included the progress on the modified overlay tranaistor 

and high frequency evaluation of the devices. 

On 1 November 1963, a paper titled "A 5 « JOOBC Transistor" was present, d 

by Mr. D. B. Carley of the Radio Corporation of Aaerica at the PGH) con- 

ference of the IKEB at Washington, D. C. 
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IV. FACTUAL DATA 

A.  PEVICE DESIGM 

1,  iBtroduetloo 

During tb« pwt WY«r*l y-x., Industrial and Military 

dntnd* for »or* stringent transietor perforwice led to 

the de*eloj»ent of device« of increased conplexity. 

toly work at RCA on high frequency, «ediu» power transistors 

resulted in tbs d«vslop«.ot of the relatively si^üe stripe 

geo-try, such ss tbs 2Blk9> «I »1938 (Figure l), «hich has 

one e«itter stripe and two adjacent base stripes. As transistor 

performnce requireaents for both output po-er and operating 

frequent -ere Increased, nev units wre »odified to the inter, 

digitated (cert) structure with interleaved base end enit^er 

fingsrs (Figur. 2). Devices such as the BCA 2II2876 und TA2400 

utUise this structure. In these cemto type units, the enitter- 

bMe junction periphery is gr^tly incrsased allowing the tr^xsistor 

to op^U at higher current level« and, hence, to deliver «ore 

output power. 

As the frequency requirements of transistors extended into the upper 

VHF range, .hunting capacitsnees inherent to the geometry of devices 

became increaeiagly L^orUBt. Beductions in size and the tight- 

ening of tolerances of devices were necessary. This reduction, 

in size to fscilitate higher operating frequencies is not oompatible 

with increases in emitter Junction periphery neceB.ary to increase 

—-———••* 



n 

i 

o 
! 

I 
I 

r 
I 
i 
i 
i 

FIGURE 1   RELATIVELY SIMPLE STRIPE GEOJCTOY DEVICE WITH BOHDKD 1ZADS 
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power output requirements. 

Attempts to design high power transistors, operable in the UHF 

rang«, made it apparent that substantial Inprovements in fabric*» 

tion techniques were necessary to meet both present day and future 

design requireaents. laproved technology which would allow extreaa- 

ly accurate control of both diffusion and photolithic processes 

were needed. Preferably, these techniques should be utilised on 

an iaproved structure« which in itself, would afford design ad- 

vantages not obtainable with a eonb type structure. 

2.  Design Considerations 

In the design of high power, high frequency transistors, the approx- 

iaate structure of the device is determined by the specified static 

and dynamic operating characteristics. Thermal resistance, junction 

breakdown voltages, current gain, and high frequency considerations 

each dictate an optimua design. Because of the incompatibility of 

many of these "optimum designs" and with state-of-the-art fabrication 

techniques presently employed, the final design for these devices 

must be one which achieves the best coqproaise of these optimal designs. 

The various parameters and their effect on the final design are dis- 

cussed below. 

a.  Thermal Resistance 

Power dissipation requirements control, to a large extent, the 

necessary active collector area. The active collector area 

L 
10 
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will b« defined as that portion of the area within the 

collector ba»e Junction at the device eurface. 

Beat transfer calculations are subject to considerable 

uncertainty particularly under actual operating conditions 

and eoosequBntly, the required araa is derived frco empirical 

data. The calculations listed below use a theoretical 

•pproach and a caaparison between the eapirlcal snd theoretical 

reeults are shown. 

The heat generated fro« power dissipated in the device during 

operation Bust flow fro« the eaitter through the silicon pellst 

and subsequent asterials to the package aabient. This heat 

transfer «ust be high enough «o that the temperature at the 

emitter base Junction does not exceed 200*0 during epecified 

isus power dissipation. 

The themsl resistance of a device is defined as: 

.(1) TR      - —* =-  

P 

where: 

OT - theroal resistance in #C/Watt 

T ■ Junction temperature in *C 

T ■ case temperature In *C 

p ■ power dissipation In watts • 

The design specifications require this device to be capable 

of 12 watts dissipation at a case temperature of 25*0. This 

11 
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results in a aaxinua tbemal resistance of lU.b'C/watt. 

naaiurewnts on earlier devloes having an active collector 

area of 15J2 square alls, mounted in the 7/16" double ended 

stud, isolated collector packages used on this progrsa 

gave a theraal resistance of 4*C/watt. Calculations 

show that the case and the pellet each have a 2*C/watt 

theraal resistance. Subtracting the case cocponent froes 

the specified theraal resistance results in a oaximm 

allowable pellet theraal resistance of 12.6*C/watt. 

Assuaing an inverse linear relation between the active 

collector area and pellet theraal resistance, a ainia»» 

are* of approxlaately 2^0 square ails is required. To 

allow for deviations froa the linear assuaptioo, a safety 

aargio of 50 percent is eaployed fixing the active collector 

area and hence, base area at approxiaately 575 square ails 

in this device. Calculations using the relationship: 

TO 
TR1K1 

(2) 

result in an expected pellet theraal resistance of 8.lU*C/watt 

and a theraal resistance of 10.14*C/vatt for the packaged device, 

Theraal resistance aay also be expressed aa: 

t 

TR    - 
K A 

(3) 

12 
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vbere: 

TR - tbara»! resistance In 'C/watt 

t - thickness of beet conducting aediuB 

A - the croes sectional area of the conducting aedi» 

Dorn»! to ths beat flow 

K - heat conductivity in 
watts 

inch2(area) 'C/inch (length) * 

Figure > shows the pellet and stud geonetry used in 

txansistor construction. In this device, the entire 

emitter periphery is contained within an area having 

a length end width of 17.3 «A 15.9 ■!!•* reepeotively, 

oear the pellet surface. 

In the following celculatlons, a k? boundary of heat tranafer 

is assumed and discootinultUs of heat flow at tha Interfaces 

are neglected. A solid angle heat flsw Is esstaed. 

Figure 5b shows a top view of the area of heat generation and 

the effective heat conducting areas of the various Baterlala. 

Ths intarfaoes of these «ateriala are shown at their distance 

fron the zero origin. 

Referring to Figure 5» «od 5°. the area of heat generation 

approaciaates a square having an average side length, s, of 

16.6 x 10"5 inches. Since a Uj* angle of heat conduction is 

assumed, tlien: 

■ • 2t 

where: t is the distance from the origin of the system 

15 
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A -i2 - J*t2. 

Utiog Equation (3), 

■ - 
K A 

and TO 

■n- 

L2 
dt 

n ■ t /- 
i 

Ut2 

1    fl 
UK       t 

•i 

i 

ÜK 

"i       i 

7*   h. 
1 

UK 1*2*1. 

1 

'UK 

t 
.(U) 

where t is the thlclmeu of the particular conducting material. 

In the •illeon pellet, tj - Y- 8.3 x lO*5 inches and tg - 

^ ♦ 6 x 10'3 - lU.J x 10'5 inche«. 

Therefore: 

7P 
silicon 

1     6 x 10'? 

.17)  U4-^^'^ U(2 

- S.S^C/vatt 

3)xlO'6 _ 

.(5) 

Table I shows the coefficient of heat conductivity, the boundary 

thicknesses (t. and t ), the mterial thickness (t) snd the 

theoretical themal resistance based on the above equations. 

The theoretical theiml resistance of the mounted pellet is 

the SUB of the coqwnent resistances or 8.71*C/watt. 

A comperiBon of the theoretical and empirical results shows 

a deviation of approximately 15 percent; however, both approaches 

indicate that an active collector area of 375 square mils is 

adequate. 
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TAHLE I 
THEORETICAL THERMAL RESISTANCE ON MATERIALS USED 

Coefficient of 
Themal Conductivity 

•C Jrch 

Boundary Thickness 
1 

Material 
Thickness 

t Material inches x IG'5 

Themal 
Resistance 
IR-#C/Watt 

Silicon 2.17 IM 8.5 6 5.85 

Molybdenum 5.76 19.5 IM 5 1.20 

Barylliua Oxide 5.65 U1.5 19.5 22 1.22 

Copper 9.8 166.5 1*1.5 125 oM 

b.  Collector Base Breakdovn Voltege 

Ths choice of starting material resistivity Is dependent on 

the required breakdown voltaee^ealtter to collector transit 

time, high frequency current gain and the required output 

capacitance. The optimum starting material is the lowest 

resistivity «aterlal which will support the required breakdown 

voltage. 

The application of a reverse blaa to a Junction results In 

a depleting of majority carriers on both sides of the Junction. 

The penetration of this depletion region Is a function of the 

diffusion profile In the vicinity of the Junction and the applied 

voltage. Under reverse bias conditions, charge neutrality must 

exist, that is, the net charge enclosed within the depletion 

region on the N and P sides of the Junction must be zero. 

The base width (W) and the width of the Intrinsic region (the 

16 
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original etaating nftterlal between the base diffusion and 

the contact diffuaion or low resiativity layer) may be 

determined by uaing the grapha developed by H. Lawrence 

»nd R. M. Warner, Jr/1' and aesuming a baae aurfac« 

concentration, Junction depth and Gaussian impurity diatri- 

butioo. Theae curvea predict total depletion lay« thicks 

naaa, the fraction of depletion thickneaa on each aide of 

the junction. Junction capacitance and peak electric field 

aa a function of voltage for varioua Jinction deptha aad 

impurity concentrations. 

To axwpor* 8° volt8 ta 6 <^a'ca material, the baae width 

Bust be 6.6 x 10"5 cm or about 0.0ß6 mila becauae of the 

depletion regior yread. Similarly, the Intrinaic region width 

absuld be a miniiM» of 1.15 x 10"3 » or 0.«O «lla because 

of the apread into the collector body. (The baae width and 

Intrinaic region width,ahould be greater to allow for any 

irregularity in the diffuaioo.) 

Using 5 ohm-cm material, a baae width of J.U x 10 cm 

(O.Oßl1» mila) and an intrinaic region of 7.96 x 10 cm 

(0.315 mila) la neceaaary to support 80 volta. 

The lower reaiativity material can aupport the required break- 

down voltage in a thinner depletion region. Aa will be dis- 

cussed in later sections, it further results in a shorter 

emitter to collector transit time and an improved frequency 

17 
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response at high current levels. 

Collector Capacitance 

Tha collector transition layer extend« into both the base 

and collector body. Because of the difference in isvurity 

gradient in the vicinity of the Junction, only a small 

portion extends into the base. As previously discussed, 

the width of the depletion region (xj is an increasing 

function of voltage. 

The collector capacitance can be characterized by the 

expressioo: 

.  €0€. .(6) 

where: 
£     - dielectric constant of free space 

C ■ collector capacitance 
c 

€' dielectric constant of the naterial 

x - depletion layer width for a given voltage 

A ■ active collector area, 
c 

Using 3 ohm-CD material and an active collector area of 

approximately 575 square mils, calculations indicate a col- 

lector capacitance of U.9 MM? at 50 volts. As can be seen, 

this value is very close to the specified maxi mm of 5Muf • 

d.  Collector Emitter Breakdown Voltage 

The open base collector to emitter voltage &CEQ)  relationship 

18 
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for »n NPN tiunsistor can be expressed by an equation 

fron Miller and Ebers: ^2' 

BV CBO 
BV CBO 

.(7) 

a,  

The «optrlcally derived av-alanche multiplication exponent, 

n, ha« a typical value of U for silicon. The specifications 

of 75 Volt BV-gQ and a «iniaum hj^ of 20 results in a required 

avalanche breakdown of l60 volts. Graphical deteroination of 

avalanche breakdown fron curves developed by D. P. Kennedy wid 

R. R. O'Brien^3^ predict a BVCB0 of 250 volts uaing 5 oha-co 

■aterial. This value of avalanche represents the bulk break- 

down in the silicon underneath the collector-baae junction. 

In planar devices, the bulk avalanche breakdown is »asked by 

surface breakdown pbenoaena which occur at auch lower voltages 

than the bulk breakdown. Conaequently, the llaiting collector- 

baae breakdown field is at the surface and not in the base at 

80 volts. This field strength is not high enough to cauae 

avalanching and lower BV^, that is, BV^ is only slightly 

less than the measured surface limited BVCB0. 

e. Triple Diffused Structure 

The triple diffused structure has been employed in the fabrication 

of this device to allow accurate control of the intrinsic region. 

The diffusion profile is shown in Figure k and can be arrived at 

I l. 
19 
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by aosuming an infinite source of impurity oaterial 

necessary to provide a constant surface concentration, 

thus, producing an erfc lüpurity distribution. The 

fonaatlon of the collector base Junction in the N- type 

intrinsic starting materisXcan be expressed as: 

x 
C (x) - Cft erfc .(8) 

2\/Dt" 

where: 

C{x) - dlffusant concentration at any point 

C   ■ surface concentration 
o 

x   ■ depth from the surface 

D   ■ temperature dependent diffusion coefficient 

t  - diffusion time . 

It is assumed that D , the diffusion coefficient ox' the 

dlffusant, is a function only of temperature and not the 

dlffusant atom concentration. 

In the formation of the collector base Junction, Equation(8) 

is used substituting the appropriate values for diffusing 

p.type dlffusant into an N type intrinsic crystal. 

In forming the emitter base junction, the N-type dlffusant is 

going into a region with an erfc distribution on a previously 

diffused silicon surface. This can be expressed as: 

C(x) - C, erfc 
/Vi 

20 

C- erfc  rz= 
Z   2\/D0t 

.+ C.  . . .(9) 

2 2 
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where: 

C. ■ phospboruB surface concentration 

D. ■ phosphorua diffusion coefficient 

t. • phosphorus diffusion time 

C0 ■ boron surface concentration 

D9 ■ boron olffusion coefficient 

t - total diffusion time 

C, ■ crossover concentration of the emitter Junction 

C - N-type dopant concentration of the Intrinsic 
material 

C(x)«net H-type diffuaant concentration at any 
point in the NPI portion of the transistor 
structure. 

f.  Emitter to Base Bres'-down - VpgQ 

The value of BVEBQ can ^ determined by ea^ploying the 

diffusion equation to obtain the «sitter Junction depth 

from: 

C. - C. erfc 

h 
.do) 

where: 

I 

C. ■ surface diffuaant concentration 

x - emitter Junction depth 

L ■ diffusion length of the phosphorus emitter diffusion 

C, - crossover concentration of the emitter Junction > 

CO 
The emitter diffusion length is used in Equation (ll)  . p la 

the equivalent resistivity as calculated from the base surface 

concentration. 
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0.56»f 
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Curves developed by Kennedy and O'BrW5' can alao be 

UMd to approxlaau: the e«Uter-b«»e breakdoiro voltage. 

The emitter-ba»« junction breaks down at the surface- 

boundary of the junction because the impurity gradUnt Is 

at, a maximum there(see Figure 3). 

g.  Current Gain and Emitter Periphery 

In the design of high power transistors, serious conaldera- 

tlon «uat be given to the relationship between current gain at 

high current and emitter Junction periphery. 

All transistors show a reduction of current gain with in- 

creasing current after reaching a moxlmuB value. Initially, 

field» build up with additional carrier Injection reducing 

the effect of surface recombination and thus. Improving 

current galn.^ As carrier Injection continues to Increase, 

emitter efficiency decreaaes due to a greater carrier con- 

centration In the base region. 

Investigation» by Fletcher and others have shown that at 

high current densities, a transverse voltage Is developed In 

the base region causing carrier injection to be confined 

primarily to the edges of the emitter (2^'7'. When consider- 

ing Fletcher's theory. It Is found that Injection originates 

23 
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fron the emitter edge - a snail percent of the total emitter 

area. Thia indlcatea that if devices are to be operated 

at high currents, with the desired current gain, Urge 

emitter peripheral length must be obtained in order to 

minimize the current density. 

Empirical results show the naximun current gain occurs 

at an injection ratio of approximately 1.5 milliamperes 

par mil of Junction length and are operable with good 

gain characteristic up to Una/mil. On the basis of the 

357 milliaapere average operating current, a peak current 

of approximately 1.1 amperes can be predicted in Class C 

operation. This value indicates a need for approximately 

500 mils of emitter periphery to insure high values of 

current gain over the range of operating current. 

h.  Frequency Consiaerationa 

In order to obtain the  required power gain of lOdb at 500 

megacycles, a gain-band value of merit (K) of approximately 

1.6 KMC is necessary. This value is determined by assuming 

a 6db per octave power gain reduction with increasing 

frequency. The figure of merit, K, is expressed as: 

K - (P0)l/2 F - 
^n     rKV. C„ 'bb- Cc rec 

.(12) 

where: 

PG ■ power gain of the device 

F - frequency of operation 

2k 
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r.. . ■ base resistance 
ob 

C   - coUectur capacitance 
c 

^ec • total emitter to collector tranalt tiae. 

Tha valua of the collector capacitance will be very oloae to tha 

five picofarad upper limit of the specification and the value 

of the baae resietance will be approximately 2 dm»,  thua giving 

-10 
an r.. , C product of 10 x 10   seconda. 

Do  0 

To achieve the specified power gain of 10 db at a frequency of 

500 megacycles, a naxlmum total transit time of 2.5 x 10" seconda 

will ba required. The current gain may also be used to determine 

the total transit time by using the following relatlonahip: 

1 
hfe- 

2*f 'ec 

(13) 

where: 

h, ■ amall signal short circuit forward current transfer ratio 

f  ■ frequency of operation 

'ec - defined aa above. 

To achieve the specified current gain of 12db, an emitter to col- 

lector transit time of 8 x 10   seconds is necessary which is short- 

er than the value calculated from Equation (15). It muat be real- 

ized that these equations (12,15) are developed from simplified equi- 

valent circuits operating under low level, Class A amplifier condi- 

tions. However, they are useful approximations and the best calcu- 

lations available. The emitter to collector delay time ( 'ec) is 

comprised of four terms: l) the emitter transition capacitance charginc 

25 
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time (T ); the baae layer transit tiffle(T ); the collector 
e o 

depletion region transit time (T ); and the collector 

capacitance-collector series resistance charging tliae(T ). 

Of these terms, the collector capacitance-collector 

series resistance charging tiae can be neglected because 

the collector series resistance is M j  small making the 

-12 
value of this term approximately 10   seconds. 

The value of emitter charging tlae( T , can be related to 

other device parameters as follows: 

f kT 
' e ■   

tf. 
ea .(HO 

where: 

T 
e - emitter delay or transit time 

lc ■ Boltzmans Constant 

T - temperature in degrees Kelvin 

q - electron charge 

I ■ emitter current 
e 

C - emitter transition layer capacitance* 

The emitter transition layer capacitance can be calculated 

as follows: 

»a  -Ae 

^0NA 

1/2 

_2(V ♦ Vj^) 

where : 

Ae •• total emitter Junction area 

£    - dielectric constant of free space 
o 

26 
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£   m dielectric constant of silicon 

If. - acceptor density at the Junction 

V+V.-applied plus built in potential 

q  «electron charge. 

The base transit tlas can be ealeulateu fron: 

W2 

^b- 
.(16) 

2EL 

where: 

r. base transit tiae 

V - base width 

D ■ diffusion eonstant for electrons in the base, 
*  approxiaately Sjjcm'Vsec. 

The base width(W) varies with the collector potential 

because of the depletion region spread and oust be 

sufficiently large to contain the depletion region 

(i.e., prevent punch-through). As previously discussed, 

the extent of the depletion region spread is a function 

of applied voltage, resistivity, and iapurlty gradient. 

The collector depletion region transit tiae (Tj 1«: 

T St- (17) 
2V, 

where: 

x - depletion region length 
B 

V ■ drift velocity of the minority carrier in the 
x  depletion layer. 

The drift velocity VL can be determined from the calculated 

magnitude oi ohe accelerating field at given potentials and 

27 
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data presented by Pvder/7' Except at low collector 

voltages, this velocity Is 9 x 10 ca/sec, the lat- 

tice-scattering- limited maximua. drift velocity for 

laoolle-charge carriers. 

The collector depletion region transit time is voltage 

aeppndent since the depletion region width changes with volt- 

age. Therefore, the evaluation of the collector deple- 

tion region transit tine, under fixed biaa conditions, 

does not yield a realistic picture. This is particularly 

true since the base transit tiae decreases with voltage 

while the collector depletion region tranait tiae increases 

with voltage. 

The collector depletion region transit tiae (T^J and the 

base transit tiae (T.) depends on collector voltage and 

the sua of these delay tiaes are shotTi in Figure 5» 

Calculations performed using 20, 6 and 5 ohm-centimeter «aterial 

indicates that it is advantageous to use the 3 ohm-centlaeter 

aaterial because «r the shorter total transit tlat ^nd the 

high-current,low-voltage operation desired. The higher 

capacitance associated with the 5 oha-centimeter aaterial is 

a disadvantage. A comparison of these various resistivity 

aaterials is shown in Table II and illustrates that these 

transit times and parameters are within the requirements for 

500 megacycle operation. 
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TABLE IZ 
COMPWRISOK OF VARIOUS RESISTIVITT MAIERLiLS 

AT 28 VOLTS COT.TFCTOH POTEOTIAL 

Transit Tim 

Rcclctlvlty Materlali 

3 n-ca 6 n.ca 20 n-an 

Collector Depletloc 
Regloo Tzmoalt Ttae (f.) 

29. •♦ x lO'^coc U3 x lO'^cec 81 x 10"12 «cc 

BAM Tr«nsit Tlae 26 x 10-12 13.9 x IG'12 .12 
7.3 x 10 ^ 

T.*Tb 55.»» x 10'12 56.9 x 10"12 88.3 x 10"12 

Output CapaelUae« 
Cannon BM« Config- 
uration 

^.9 1* 3.*»Pf 2.3 Pf 

Ealttor Tr«nalt Tla» 

T. 
k x ID-12 u , ID-" k x IQ'12 

1 E»itt«r to Collector 
Txmneit Tlae (T#c) 

5.9^ x 10"n 6.0 x 10"U 9.2 x lO"11 

I 

I 
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j,,     Djjjg Consideration Sunaftry 

The general deaign cooaiderationü imtcate cptlmana for 

each of the areaa dlacuaaed.   A »vamry of theae reaulte 

is preavnted 1c Table III. 

TABU III 
SUMMRT OF DESIGN CaV  aXTIOIB 

I 
I 
I 
I 
I 
I 
\ 

I 

! 

Dealgn Conaideration 

Theraal Resiatance 

'CBO 

'CEO 

EBO 

Current Cain 

L^'bb' 

Emitter Efficiency 

Large Gain Bandwidth (K) 

Small ^e 

Small ^b 

Saall 7. 

Kiiterlal Conalderatioo 

Large active collector area 

High resistivity starting material 
and vide base width 

High resistivity starting naterlal 
and vide base vldth 

High resistivity base dopant, long 
diffusion length 

High resistivity starting aaterial, 
osall collector area 

Long emitter periphery, narrow base 
width, low rbbl 

High dopant concentration In base 
region 

High dopant concentration in emitter 
region 

Lov r.. , C product, short'ec 
Do   C 

Small emitter area 

Narrow basevidth 

Lov resistivity starting material 

It can be seen from thia table, that many of these requirements 

are conflicting. Therefore, it la necessary to evaluate the 
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relative importance of thew de«l«n per MM ten end 

eitebllsh conprmUei wharever poesiblc. 

Frequency contlderetlOM end tkeiml re*l«tw»oe ere of 

fund«»entAl Importance since these detexmlD« th« m 

operating frequency end »pproxlJ»te power level«. The 

expression for geln-bandwldth figure of »erlt (K) aust 

be mxialzed. The base spreading reslstanoe (rbb, ), 

collector capeclteoce (C ), end e^tter to collector 

transit tlae (Tec) auet be kept amll. These condition« 

die Ute high base dopant concentratlooe, «all e«ltter 

narrow baae width and low resistivity starting ■aterlal. 

Again, even within this sane expression a coaproBise auat be 

reached, narrow base width results In short baae region tranalt 

tiae but higher values of rbb,. 

Llaltatlooa of Interdlgltated Oeowtry 

The operating current and, hence, the pesrer output of a device, 

is dependent on emitter periphery. The required emitter 

periphery nust be obtained using a alnlau« of «sütter area. Ttol« 

area aust be contained within a alnlauB of baae area, so that 

ealtter-baae aad collector-baae Junction capacitances are kept 

low,leading to both high efficiency and high gain. This can 

be accomplished by making the ealtter and base fingers as 

narrow as possible. Thus, the width of aetalltatlon aust be 

reduced and the reslstanoe through the finger« rl«e«, th«reby 

?? 
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Increasing IR drops which cause injection to fall off 

along the finger length. The results of a decrease 

in finger width can be compensated by an increase in 

astallizing thickness. However, photoresist and etch- 

Ing techniques lapose a ILolt on the ratio of finger 

width to netal thickness. 

A second liaitation of the coob structure is the re- 

latively large emitter area when coopared to emitter 

periphery. This large emitter area is caused by the 

terminal strip used for bonding at the back of the 

emitter comb and by the limitation of emitter periphery 

to emitter area ratios. While it would be possible to 

substantially reduce this area, by extending the emitter 

bonding area out over-the collector oxide, the area still 

remaining would be appreciable* 

A third limitation on the use of comb type geometry is 

the Impedance associated with the bonding wires and 

metallised fingers. Since small bonding areas and 

narrow emitter finger widths must be eoployed to reduce 

device capacitance, very small bonding wires and thin metal- 

11ling on the fingers is essential. This results in an 

increase in the resistive and inductive reactance coo- 

ponents of the emitter impedance whiph raises the input 

resistance and consumes input power, thereby decreasing the 

power gain. 
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B.  SURFACE GEOMETRY 

1.  Ovarlay Structure 

The three previously mentioned limitations on the comb typ. 

geometry can be overccne by the uee of an overlay structure. 

The outstanding feature of this structure is the concept 

of emitter metallizing over both the base conductors and the 

emitter. This allows the emitter to be incorporated into 

the device in the beet geometry for good frequency response 

and high current capability. 

A pictorial representation of the formation of this itriMi 

as originally proposed, is shown In Figures 6 through 12. 

The base pattern illustrated in Figure 6 is the first photo- 

resist pattern applied. Following the base diffusion depicted 

in Figure 7, the emitter pattern is applied as shown in Figure 8. 

The emitters are small squares having a dimension of 0.3 mils 

per Bids with a separation of l.k mils. 'There are 156 emitter 

sites per device arranged in a 12 by 1J array. 

Following the emitter diffusion (Figure 9), the units are ready 

for base metallizing. This is where the initial departure from 

Standard processing occurs. The metallizing is performed in 

several steps rather than the usual two steps. The first step 

in the process is to remove the oxide by etching between the 

emitters and also inside of them, leaving the emitter-base Junc- 

tion and collector-base Junction still covered by oxide as shown 
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In Figure 10. 

E 
! 

Aluminum is then evaporated over the entire wafer to a thickness 

of 10,000 to 30,00QA. The base metallizing Is then etched away 

so that the alumlnun remains, not only In the base silicon areas 

etween the emitters, but also extends over the oxide covering 

the collector base Junction, terminating in the triangular areas 

where bonds are made as shown in Figure 12. 

Following the aluminum evaporation, the base metallizing is 

covered by an insulating film (Figure 11), formed by anodiz- 

ing the aluminum, or evaporating an insulating film such as a 

silicon oxide. In using sillcor. oxide, an extra step is required 

to etch the squares inside the emitter, shown in Figure 11, to 

remove the oxide from these areas. This step is not required 

using the anodized film approach. 

After the insulating film is formed, contact is made to the emitters 

by evaporating 10,000 to 60,00QA of metal over the entire wafer. 

This new metal layer is defined over the entire device as shown in 

Figure 11. 

2.  Modified Overlay Structure 

Difficulties associated with the fabrication of the insulating layer 

(Section C-2) led to the design of a "modified" overlay structure. 

This modified structure retains most of the advantages of the ori- 

ginal structure but reduces fabrication problems by the introduc- 

tion of a highly doped diffused P matrix surrounding each emitter 

site. This conductive channel eliminates the need for metal conductors 
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over short lengths. 

After the base diffusion cycle, the P layer is diffused into 

the regions co&qpletel^ surrounding each of the future eoitter 

sites as illustrated in Figure IJ. An oxide layer is grown 

over the wafer and reopened in the emitter sites to accept 

the emitter diffusion as can be seen in Figure Ik,   After the 

emitter diffusion and oxidation, the reverse oxide pattern 

is opened allowing the evaporated aluminum film to aake 

contact with the emitter and base contact areas. As depicted 

in Figure 15, each emitter site is opened in the form of a 

0.3 mil square while only every other horizontal base contact 

stripe is opened. Conduction of base current from sides of 

the emitter not directly opposite a metallised base stripe is 

by means of the highly conductive P layer parallel to these 

sides. The base current opposite these sides will flow through 

the lowest resistance path to the metallized base stripes. 

Calculation of the maximum voltage drop down the P*layer, based 

on the maximum base current, indicate the drop does not appreciably 

affect injection from these sides of the emitters. 

Figure 16 shows a defined metal contact pattern In this figure, 

the wider metal stripes make contact to the emitters through the 

oxide openings and are insulated from the base by thermally grown 

silicon dioxide. 

The dimensions of the "modified" overlay structure device are shown 
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In Table IV and a comparison of these dlaenslona to a 3 watt, 

150 Mgacycle coab type device 1« preeented. 

TABLE IV 
OF MODIFIED OVERLAY GBONBTRY 

(TA-2>07) 

Cojab Structure 

Diaeoslooa Kodlf led Overlay 5«M50ac 

Total Base Area (BA) 380 square ails 1726 square ails 

Emitter Area (EA) 39 square ails 637 square ails 

Emitter Periphery (E?) 312 tils U58 square ails 

Pellet eite 90 x 50 ails 55 x 58 all« 

EP/EA 8.0/ail 0.668/ail 

EP/BA 0.626/ail 0.255 Ml 

The ratios EP/EA and EP/BA Indicate the relatl-.« perap-cry in a 

given area and, as previously discussed, have a direct bearing 

on the current handling ability and aaxina operating frequency 

of a device. It la apparent frca Table IV that a significant 

ijqproveaeot In the design ratios Is realized with the aodifled 

overlay structure. 

C.  PROGRESS DEVELOPtOr 

1. Mask Design and Fabrication 

The laportance of the transistor area In utvice theory has been 

shown in Section IV-B. In general, the best frequency response and 

power gain is obtained by alnlmiiing the eaitter and collector 

areas. Also, the spacing between the active emitter sites and 
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the length of metal contacts should be as snail as possible. 

The nit« and ndniaum tolerances in a device are determined 

by the precision of the masking and the ability to reproduce 

the mask pattern on the silicon wafers. 

The masks for this device were designed with minimum line 

widths of 0.5 mils. The disensloos of the emitter diffusloo 

and reverse oxide masks are such that the masks must align to 

within a tolerance of 0.1 mil. The specific mask patterns and 

dimensions along with the particular purpose of each mask are 

given in Figures 1? through 2}. 

The oi iglnally proposed mask patterns are given in Figures 17 

through 20. 

Figure 17 shows the base diffusion mask; the negative of this 

pattern, rotated 90*, was to be used as the emitter metallizing 

mask. Figure id shows the P diffus 1«) mask; the negative of this 

mask was to be used as the base metallizing mask. Figures 19 and 

20 Illustrate the emitter diffusion and silicon monoxide reverse 

oxide patterns, respectively. 

The mask used in the fabrication of the modified overlay are depicted 

in Figures 21 through 23. The original base mask (Figure 17) and the 

original emitter mask (Figure 19) are used in this device. Figure 21 

shows the modified P diffusion mask. The reverse oxide pattern is 

shown in Figure 22 and the metallizing mask is illustrated in 

Figure 25, 
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The extrenely small geooetry of this device necessitated the 

use of new photoresist mask fabrication techniques. Edge 

definition, otintenance of small radius corners, opaqueness, 

emulsion free clear «reas and registration of the various masks 

were specific points of concern in the fabrication of these 

masks. 

S&sples were requested for the most difficult mask from several 

vendors including the RCA Photomask Laboratory. Evaluation of 

the various samples indicated the masks made by the RCA Photo- 

mask Laboratory were superior. Because of this, the Laboratory 

supplied subsequent masks required on the program. 

3.  Metal Over Metal Overlay (insulating Layer) 

For the fabrication of ths originally proposed overlay structure, 

it is essential that the insulating film over the base metallizing 

have certain properties. These include: freedom from pinholes; 

«trong adherence to the  substrate material; offer very low leakage 

current; and the capability of being placed, formed or defined in 

particular areas in reasonable lengths of time. 

Three basic systems for the fabrication of the insulating layer 

were Investigated; evaporation of silicon monoxide over the entire 

surface and the definition of this film by photolithographic 

techniques, evaporation of silicon monoxide through a metal mask, 

and the anodic formation of an aluminum oxide layer on the surface 

of the base metallizing. 
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a.  Photolithographic Definition of Silicon Monoxlda 

Initial studies on evaporated silicon monoxide films 

indicated that the properties of the film were largely 

dependent on the temperature of evaporation, source to 

target distance, substrate teB«perature and the vacuum 

system pressure. Difficulty was encountered in etching 

these films in reasonable lengths of time using aaBonium 

bi-fluorlde etching solutions. This may be caused by too 

high an evaporation temperature which results in the dis- 

sociation of the silicon monoxide source material into 

silicon and silicon dioxide. Measurements of the etch 

rate of films deposited at various source temperatures 

indicate the etch rates range from IJO to iBOk per minute. 

The fastest are attained at the slowest deposition rate, 

approximately 12CA per minute. The slow etch rate requires 

the defined photoresist to be exposed to the oxide etch 

for long periods of time and often resulted in failure of 

the resist to properly mask the substrate. The maximum 

allowable thickness of the silicon monoxide film la approxi- 

mately 2500-500QA since the photoresist affords protection 

for only about twenty minutes in oxide etch under the best 

conditions. 

The slow evaporation rate resulted in films capable of 

uaving relatively large patterns (two mil stripes) defined 
■ 

in them. These films, approximately 2000k  thick, were 

extremely adherent to the substrate material, both the si.ll- 
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con areas and the thermally grown silicon dioxide 

regions. Further, they were not scratched or danw 

aged when scraped with a stainless steel scribe. 

Additional difficulty In the definition of the sili- 

con monoxide Insulating layer waa encountered In the 

fabrication of an actual overlay device. In these 

studies, silicon monoxide was deposited over the en- 

tire wafer after the base oetalllzing had been coo- 

pleted. Photoresist techniques were employed In an 

attempt to define this Insulating material so that 

the emitter contact areas were free of silicon mon- 

oxide while the metallized base matrix remained covered 

by the monoxide film. All attempts to fabricate a 

device using this procedure resulted in failure due 

to an inability to etch out the emitter contact areas. 

The failure mechanism consisted of a lifting of the 

photoresist in one to two minutes after inaersion in 

the oxide etch, a failure of the photoresist to mask 

at the slum!num.silicon dioxide-silicon monoxide inter- 

face or a conbinatlon of these two mechanisms. Various 

substrate cleanup procedures, evaporation conditions 

and photoresist techniques were employed in unsuccess- 

ful attempts to eliminate this condition. 

b.  Metal Mask Evaporation of Silicon Monoxide 

Attempts were made to fabricate em overlay structure tran- 
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slator by the evaporation of silicon monoxide through 

a metal mask. A mask was designed with 0.7 mil slots 

and 0.7 mil spacing between them. A drawing of this 

mask is shown in Figure 24. i 

1 

Two successive evaporations and placing the mask at 

right angles were required to cover the base metallizing 

grid.  This approach allowed the deposition of the sili- 

con monoxide only on the metallized base matrix after 

the emitter contact area had been opened and, therefore, 

did not require subsequent etching. However, difficulty 

was encountered due to a scattering of the evaporated 

I silicon monoxide under the metal mask and because of the 

m Incidence of emitter base short circuits at the sharp 

edges of the metallized base matrix. The problem caused 

by the scattering was greatly reduced with the insertion 

of a shutter, having a small orifice. Into the evaporation 

system between the source and target. 

Further difficulties were encountered due to Inadequate 

surface cleanup procedures after the silicon monoxide 

evaporation and prior to the emitter metallizing. This 

I resulted in poor adherence of the metal film to the emitter 

contact area and consequently, devices exhibiting current 

gain only at very low current levels could be fabricated. 

Attempts to employ more rigorous surface cleanup procedures 

resulted in random destruction of the insulating layer. ! 

i 
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c.  Anodic Formation of Aluminum Oxide (AlgO.) 

Another approach Investigated for the insulating layer 

between base and emitter metallizing w*8 the anodic for- 

mation of A1„0, on the aluminum base n#trijc. This 

anodized film possesses all the necessary physical 

properties of the insulating layer. 

Initially, a device having an interdigitated structure 

was used as the vehicle for the experimental work. The 

metallized emitter and base areas of these units were 

anodized to 150 volts using a current density of lA milli- 

amperes per square inch of aluminum surface area in a J1^ 

tartaric acid solution having the pH adjusted to 5,5 by 

the addition of aamonlum hydroxide. 

The anodized layer on the metallized emitter was scribed 

open exposing the aluminum; a second metal film was 

deposited over the emitter ana anodized base fingers 

using a metal mask evaporation technique. The anodized 

base metallizing area, which had on emitter metallizing 

overlay, was l680 square mils, u factor of 15 greater than 

the proposed device. Measurement of V-gQ indicated 90 

percent of the units were insulated. 

Other experiments on comb type structures, modified into 

an overlay but without the aluminum oxide on the emitter 

metallizing scribed open, showed leakage currents between 

1. 
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the metallizing layers of only 5 nanoanperes at 60 

volts. 

Effort was then concentrated on the use of anodization 

using the patterns for the overlay device. These efforts 

were largely unsuccessful in so far as fabricating a 

device capable of the specified operating current. In 

general, the difficulty was in opening the emitter oxide, 

after anodizing the base metal, so that contact could be 

sade to those areas during emitter metalliting. Specifically, 

the problem was poor adherence of the photoresist to the 

substrate due to inadequate surface cleanliness. 
■ 

As in the case of the silicon monoxide, attempts to improve 

the adherence of the photoresist by the use of more thorough 

surface cleanup procedures resulted in the destruction 

of the anodic film. 

An alternate technique to opening the emitter oxide vas 

the use of a second metal evaporation. This evaporation 

followed the forming of Al.O. on the base metallizing ant! 

was approximately 200QA thick. It is known that this metal 

film adheres readily to the substrate with present surface 

cleanup procedures and that the photoresist adheres readily 

to the surface of this film. The photoresist was defined 

in the regions over the emitters and the metal film etcted 

using conventional etching techniques. The wafers were 

then placed in oxide etch and this thin defined film was 
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used to auk the rejB»inlng areas of the wafers fron the 

oxide etch, thereby allowing the opening of the emitter 

oxide. 

The aasklng afforded by this thin f 13a of alualmai was 

Halted to approxiaately five alnutes. The alualmao 

fUa was attacked by the oxide etch after this tlae 

and lateral etching under the defined aluminua "aaak" 

occurred. This reeulted In a total loss of definition 

of the contact area and consequently, this approach was 

discontinued. 

During the Initial phases of this contract, effort was 

expended on attempting to resolve the various difficulties 

associated with the originally proposed overlay structure. 

No reproducible, practical solutions to these technological 

probleas were obtained. Becauae of these problems, the 

aodlfled overlay structure was designed to eliminate 

the above fabrication difficulties. 

5. Diffused Overlay Structure 

The successful operation of the modified overlay structure depends 

to a large extent on the high degree of conductivity attalnaol- In 

•the P+ matrix surrounding the emitter sites. This conductivity mu6< 

be high enough that the voltage drop, caused by base current 

flowing through the matrix, does not seriously affect injection 

fron any segment of an emitter site. This criteria required the 
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P matrix to have the lowest possible sheet resistivity. Cadcu- 

latlons based on a current gain of one and 156 emitter sites. 

each injecting uniformly, indicate a asx 1 aim voltage drop of 

approximately UO a..d U millivolts in material having sheet real». 

tanoes of ten and one ohne per square, respectively. 

Experiments on attaining higher surface concentration in the P+ 

matrix resulted in sheet resistivities almost two orders of 

magnitude lower than in the normal base region. This resistivity 

la low enough that the P* matrix can replace metal conductors for 

short distances and an insulating thermal silicon dioxide film 

can be grown over this layer. 

Ae previously discussed in the section on device dcsig;., narrow 

base width (w) 1« essential for high frequency operation and increased 

current gain. Experimente were performed on the use of shallow base 

and emitter diffuaioos in an attempt to improve tb. control of the 

baee width. Wafers were processed with a baae penetration of 

O.O65 mil and an emitter penetration of 0.055 mil, yielding a baae 

width of 0.05 mil. 

More recent experiments resulted in control of the cose width 

to 0.02 mils. Studies were perfomed on various resistivity 

starting material. These studies were conducted using identical 

diffusion depths in the different materials. 

Evaluation of the optimum starting material was based on the 

output power delivered in the UHF power gain test set, described 
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in Section D-5 of this report, k cocparison oi oevices fabricated 

on 6-9 ohm-cm and l~k  ohm-cm starting üiäterial can be seer, from 

the data in Table V. 

It' is apparent from this table that the lover resistivity material 

yields considerably more output power than the 6-9 ohm-cm material. 

On the basis of the theoretical calculations a.;d experimental studies, 

it vaa decided that the units would be fabricated on t>-k  ohm-cm 

starting material employing shallow diffusions. 

The diffusion profile and junction depths of the final samples are 

illustrated in Figure k. 

k.     Metallizing 

1 
D 
I 
li 
II 
i: 

CfJLculation of the bias voltage caused by IB drops along the base and 

tae emitter metallized fingers indicates that this voltage drop is 

negligible for aluminum films 1^,00QA thick using the modified over- 

lay geometry. State-of-the-art metallising techniques were applic- 

able to the new device geometry and no refinement in this process 

was necessary. 

5.  Photoreaist Techniques 

The minute dimensions of this device imposed serious limitations on 

the alignment fixtures associated with the photolithographic processes. 

The dimensions necessitated the redesign of these fixtures so that 
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TABLZ V 
POWSR OAH» C0K.?ARI50If OT STARTINO RESISTIVmf MATERIAL 

1*00 Megacyc:e Meaaurenent» of TA.2;C; 
Cocr^n Smlcter Configuration 

Unit 
No. 

Raalativlty 
OfaB-CS 

?in 
Watts 

VCE 
Volts 

PO 
Watts 

PO 
db ! 

25-2 6-9 1.0 50 175 M 6.7 * 

26.2 6-9 1.0 50 180 1.7 6.7 52 

26.U «-9 1.0 50 200 5.1 7.1 51 

26-5 6-9 1.0 50 180 u.a 6.8 53 

26-10 6-9 1.0 50 160 k.k 6.k 55 

26-11 6-9 1.0 50 200 5.0 7.0 50 

31-2 y* 1.0 50 190 5.»* 7.3 57 

&•) ^ 1.0 50 220 5.5 7-2 U8 
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the wafer position, relative to the mask, could be controlled to 

within 0.1 mil. A metallurgical microscope was adapted to be used 

M the optical «yttea In conjunction with thla ali^saent Jig. 

Experiment« In the definition of patterns Indicated the necessity 

of an improved coating procedure for the application of the photo- 

resist. Using normal whirling techniques, a pileup of photo- 

resist approximately 0.1 mil high could be detected around the 

periphery of the coated wafers. This lip of material prevented 

close contact between the photoresist mask and the coated wafer 

during exposure. This resulted in a decrease in pattern defini- 

tion and at times totally inadequate definition as depicted in 

Figure 25. This figure shows tue di'i'en.nce in definition between 

wafers with and without the edge pileup. The photoresist pileup 

was eliminated by use of "dge whirling. In this operation, the 

wafer is placed away fron the center of the whirler instead of 

placing the wafer in the center. This results in eccentric revolu- 

tion of the wafer and consequently, pileup around the entire edge 

of the wafer cannot occur. Since the alignment system Incorporates 

a pivoting wafer holder, the pileup is cocpensated. Investiga- 

tions of photoresist coating techniques, exposure time sod develop- 

ing techniques were performed to optimize the photoresist procedure. 

These studies indicated that the degree of pattern sharpness was not 

oniy affected by the position of the wafer on the whirler, but by 

the whirling speed and the photoresist thickness. 

L 
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Plleup of photoresist at edge of 
wafer. (Bote rounded comers of 
array, loss of definition and 
presence of coopletely or part- 
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► at edge 
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FIGURE 25   EFFECT OF RIDGE OB PIUEUP OF PHOTORESIST 
AT EDGE OF WAFER OH PATTERH DEFDnTIOH 
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further, the length of tU» that the photoeensltive eoulsion Is ex- 

poeed greatly affects pattern sharpness. Too ehort or too long an 

exposure tlat leads to uncontrolled diaensions in the defined pattern. 

The intensity of UM light source also influences tue degree of 

sharpness attainable. The optiaua exposure conditions were de- 

termined by extensive examination of patterns exposed under 

vsrious conditions and an jptlaua time was establiahed for each 

lamp employed. 

Developing techniques vere examined In order to further Improve 

definition of patterns. Various developing solutions were in- 

vest Igstsd such as tnehlore thy lens, JOB Developer and alcohol. 

Because of these studies, advances in the state-of-the-art were 

realiMd. Ibe degree of pattern tharpness was shown In Figures 13 

through 15. As previously mentioned, Figure 1} shows the highly 

doped P* natrix after diffusion into the base region. Figure Ik 

illustrates the registered photoresist pattern after emitter dif- 

fusion, each small square being 0.5 mil on a side. The defined 

and etched reverse oxide pattern is depicted in Figure 15. In this 

figure, the emitter contacts are the saall lightly shaded areas within 

the «sitter sites. These contact areas are 0.> mil on a side. A 

defined metal film approximately }OOOCA thick Is shown in Figure 16. 

These figures indicate the degree of sharpness now attainable 
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using these recent advances In phctolltiio^raphic techniques. 

The resolution is not deternined oy a;5y one step in the pro- 

cess. All the phases are interdependent; the coating,exposure, 

develofnent and baking must be optimized as a group. 

D.  DEVICK EVALUATION 

1.  Direct Current Parameters 

A Tektronix Type 575 Transistor Curve Tracer was usud u> measure 

the static forward current transfer ratio (h_), saturation volt- 

age V-->(sat), sustaining voltage (LV-—), collector-base breakdown CE CER' 

voltage (VCB0) and the collector cutoff voltage (V-j^). 

Other direct current paraceters were measured using a Keithley olQA 

Electrometer. These parameters include: 

^ at VEB0 " UV 

^BO ^ VCB0 " kW 

^ at VCES - kaV 

Collector capacitance (C ) at a collector voltage of kO volts was 

measured on a Boonton Model 75A-S8 Capacitance Bridge. 

Table VI lists the direct current parameters of the experimental 

model transistors delivered. 

Tables VII and VIII list the direct current parameters of the final 

two hundred transistors delivered during this contract. Table VII 
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Is data on twenty units delivered prior to the required delivery 

date while Table VIXI shows data on the later l80 final samples. 

The collector cutoff current (I—,) is measured using a Ksithley 

Instruments Model 61CÄ Electroneter and an Electronic Research 

Associates Model 210 transistorized power supply. A low leakage 

socket is used for the device aieasurements. The small amount 

of socket leakage current is compensated in the meter deflec- 

tion prior to the aeaaurements. The Kelthley Electrooeter has 

an accuracy of 1 percent and the direct current voltmeters used 

to monitor the source are also call crated within one percent. 

Figure 26 shows a dlstriubtion of the collector cutoff current 

(iQgg) at a collector voltage of ko volts. It can he seen from 

this curve that 7? percent of the final units had collector cut- 

off currents lass than the objective of 100 microamperes. 

A distribution of V^Csat) at a collector current of 750 milll- 

ssperes and a base drive current of 1U0 mllllamperes is shown 

in Pigure 27. The value of V^Csat) waa measured on a calibrated 

Tektronix Model 575 transistor curve tracer oy the introduction of 

seven base generator steps of 20 milliaqperes each. 

The sustaining voltage (LV^) at a collector current of JO mllll- 

aoperes direct current through a collector circuit resistance of 

10 ohms is presented in Figure 28. 

The collector capacitance (Cob) measured at a collector potential 

of kO volts is shown in Figure 29. This capacitance is measured 

1 
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TABLE VI 
DIRECT CURRENT PARAMETERS ON EXPERIMENTAL MODEL TRANSISTORS 

Expcrlsen till Model Transistor Delivery Number 1 

ICEO ICES ICES ^BO 

LVCER 
Ic-5ana Si 

V    -10V 

VCE(Bat) 

Cob 

Unit 
No. 

75V 28V 
1* 

75V 5V 
iß- 

R-icn 
Volts 

YCE xw [c-70aaa 

Volts 
28V 
uwf 

1 5.6 0.58 0.8 0.2 110 112 0.28 5.37 
2 0.05 0.U12 .015 

(6öV5 
0.2 ICO 175 0.2U l,k2 

(60V) 
5 0.009 0.005 0.007 0.7 100 iko 0.25 5.50 
10 6i» 

(60V) 
1.05 1.05 

(60V) 
0.2 98 200 0.2U 5.7^ 

11 0.18 0.035 CO«» 0.2 no 200 0.25 5^5 
12 .0005 .0001 .OOOl» 0.2 no 219 0.25 5.U6 

Exoerlnsei n d Model Transistor Delivery Number 2 

Unit 

ICEO 
75V 28V 

^ES 
75V 

IEBO 
5V 

LVCER 
Ic-50«« 

R-ion 

s« 
VCE-15V 

Ic-70Ctoa 

IB-li»ana 

Cob 

28v 
No. 1* lA ^ M» Volts v» Volts uu? 

1 .0003 .0006 .001 1? IhO 90 0.12 14.9 
3 9000 95.0 170 120 80 0.1U 15.5 
12 .001» .0015 .001» £8 135 80 0.15 13.6 
13 .001» .001 .003 120 130 120 0.14 13.8 
15 1.4 .09 .30 115 180 1*5 0.1k 14.0 
16 500 .25 .30 100 120 k9 0.15 13.9 
20 135 5.6 11 105 170 120 0.14 13-7 

Ixpariaental Model Transistor Deli .very N umber 3 

Unit 
VCB0 
100 pa 2$° 

AxlO"9 

VCE0 CEX 
lOOpa 

VEB0 
100 ^a 

VEBF 
1.0A lOQaa 

Si 
1.0A 

VCE(sat) 

IC-.75A 
C0b 
28V 

■o. Volts Volts Volts Volts Volts 4V 10V IB-.14A Pf 

25-2 125 0.30 150 125 5.5 . 11 5 2.0 5.9 
26-2 80 0.50 95 72 5.2 1.15 40 10 1.2 5.45 
26-4 70 0.36 75 60 1,4 1.2 42 14 0.95 5.48 
26-5 74 100 100 65 5.1 1.5 83 14 0.8 5-33 
26-10 80 0.66 

1.2X103 
105 tie 4.6 1.2 71 13 0.7 5.51 

26-11 6? 90 70 5.0 1.3 71 13 0.95 5.21 

1 
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TABLE VII 
DIRECT CURRENT PARAMETERS OF FINAL TA-SJO? TOANSISTORS 

Final Transistor Delivery K-jmber 1 

Unit 
No. 

37-£7 

i4l.;. 

3^-19 

37-30 

57-33 

^-13 

CBO 
lOOuft 
Volt« 

6P 

70 

70 

80 

62 

65 

'.■■<■ 50 

;■;-, 70 

^1-33 68 

37-9 50 

41-32 53 

41-27 57 

3^-9 80 

31-3 75 

37-23 70 

34-1 90 

26-31 >c 

30-20 8o 

34-1*2 71 

TBO 
75V 
ma 

5.0 

0.001 

5.0 

0.001 

0.20 

1.0 

..001 

C.06 

1-5 

4.0 

8.0 

^BO 
28v 
taM 

2.9 x 10 

1.8 x 10' 

4.2 x 10" 

1.6 x 10" 

,5 

10 

10 

CE 
(SUB) 

Volt« 

9.0 x 10 ' 

1.9 x I0'k 

1.8 x 10-10 

1.1 x 10'5 

2.0 

0.001 

o.oi» 

0.1 

.04 

.07 

.08 

.12 

1.3 x 10'5 

1.4 x 10"' 

4.8 x 10"6 

2.4 x 10"' 

2.2 x 10"6 

1.0 x 10'9 

1.3 x 10"9 

8.3 x 10"9 

13 2.2 x 10 

2.2 x 10 

1.4 x 10' 

,-8 
-6 

2.1 x 10 

88 

90 

78 

CO 

95 

8e 

97 

6: 

95 

80 

%■ 

70 

SO 

100 

X 

100 

140 

no 
115 

OEX 
lOO^a 
Volts 

50 

70 

Co 

■9 

cO 

15.5 

60 

1'. 

55 

68 

Ik 

53 

48 

&o 

70 

70 

90 

82 

50 

US 

E30 
lOOpB 
Volts 

5.0 

5-5 

5.0 

5.0 

4.0 

5.0 

5.0 

5.0 

4.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.1 

5.0 

1.4 

4.0 

6.0 

fe 
lOQ» 
4V 

8.0 

14.3 

7.7 

14.5 

..7 

7.4 

16.7 

16.8 

28.3 

5.5 

22.1 

9.1 

58.2 

29.4 

23.0 

6.9 

12.0 

33.0 

16.0 

40.0 

fe 
l.QA 
lOV 

T^-säT- 

rc-.73A 

Volts 

9.5 

12.0 

1U.2 

11.1 

8.35 

6.25 

11.1 

24.2 

18.2 

12.5 

16.7 

14.7 

9.1 

16.7 

6.35 

8.3 

8.3 

10.0 

12.5 

14.5 

Cob 
28v 

2.5 

1.5 

1.1 

2.0 

3.0 

1.3 

2.1 

2.5 

1.4 

1.3 

1.7 

0.6 

1.8 

2.2 

1.6 

3.1 

2.0 

1.1 

0.6 

1.4 

8.79 

0.34 

8.28 

6.44 

7.25 

8.86 

6.70 

6.88 

6.88 

8.15 

7.15 

8.15 

7.66 

7.15 

5.90 

7.17 

6.50 

5*12 

5.39 

6.60 

7^ 
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TABLE VIII 

DIRECT CURRENT PARAMETER OF FINAL IA-2307 IRAKSISTORS 

Final Transistor Delivery Number 2 

__ -7  
CBO VCEO 

1ZBO km hss CER ^ W8*^ C0B 

Uclt lOOpa LOOpa 4V 40V 40V 50B» VCE-IOV Ic-750tta 40V 

Ho. Volt« Volts Anpcres Aioperes Anperes R-100 Ir-550na VI*** wrf 

57-20 70 11 4.8 x ID*6 2.9 x 10'6 -4 
5.9 x 10 91 14.0 1.2 6.88 

37-22 52 1*2 4.8 x lO"6 2.1 x 10"8 1.2 x IO"5 90 15.5 1.1 7.0 

37-23 6l 27 6.8 x 10"6 1.6 x 10'6 1.4 x IO"4 90 7.8 1.6 7.58 

37-2« 1*1* 22 8.6 x 10^ 9.7 x 10"5 2.i x vor 95 9.2 1.55 7.65 

37-29 66 65 5.8 x 10"6 1.2 x 10'7 2.5 x IO'5 102 7.0 2.4 6.65 

1*0-11 80 8C 4.0 x 10*3 6.2 x lO'11 6.2 x 10'U 100 10.9 1.2 7.07 

kO-lk 76 76 4.2 x 10'7 1.8 x 10'9 1.8 x IO-9 94 12.7 1.15 7.25 

40-21 76 76 1.4 x 10"6 1.2 x lO"10 1.2 x IO"10 100 16.1 1.0 7.1 

40-29 60 55 5.7 x 10'7 2.8 x 10'5 1.6 x IO"4 85 10.9 1.2 7.24 

1*1-1 60 60 4.6 x 10"6 2.2 x 10*9 2.2 x IO'9 71 11.5 1.1 7.7 

1*1-2 65 65 6.0 x 10"7 4.2 x 10"9 4.1 x IO"9 82 12.5 1.0 7.26 

1*1-1* 65 65 4.4 x 10"6 5.2 x 10"9 5.0 x IO-6 8o B.7 1.5 7.9 

1*1-8 68 68 4.2 x lO"6 5.4 x 10"9 5.4 x IO"9 82 6.8 2.6 6.9 

1*1-9 55 55 9.9 x 10"7 2.3 x LO"9 2.5 x IO"9 71 6.8 5.0 6.25 

1*1-10 45 15 6.7 x 10"6 5.8 x iO'5 2.4 x IO-4 ■ 78 11.7 1.6 7.56 

Ul-53 80 40 4.2 x lO"6 9.0 x 10"8 8.2 x IO-5 105 21.8 .7 7.6 

1*1-67 75 25 3.7 x lO"6 2.2 x IO"7 1.7 x IO"1* 100 17.5 .49 7.57 

1*1-76 69 25 6.0 x 10"6 6.4 x IO"6 1.6 x 10"* 90 14.0 .7 6.75 

1*1-92 32 16 4.4 x 10"6 -4 
1.5 x 10 5.4 x IO"4 39 23.0 1.4 7-1? 

I. 
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Unit 

No. 

D 
U2-5 

42-6 

1 1*2-16 

12-19 

1 42-22 

' 

U2-29 

U2-32 

I U2-36 

k2-k0 

1 42-1*6 

42-54 

42-65 

42-64 

42-65 

42-66 

* 42-6? 

42-68 

42-69 

42-71 

TABLE VIII (Cont.) 

DIRECT CURRENT PARAMETER OF Pütt TA-2507 TRAKSISl'ORS 

Final Transistor Delivery Nuriber 2 

CBO 

lOOMa 

Volt« 

61 

53 

60 

60 

50 

53 

>6 

6? 

to 

59 

51 

50 

66 

60 

75 

60 

70 

50 

69 

CZO 

lOOna 

Volts 

17 

20 

21 

21 

7.0 

26 

13 

'•5 

.0 

20 

55 

50 

55 

^5 

12 

50 

20 

12 

61 

EBO 

4V 

Amperes 

4.1 x 10' 

7.2 x 10" 

9.0 x 10" 

5.8 x 10" 

6.6 x 10 -6 

5.9 x lO-0 

4.8 x 10-6 

5.5 xlO"6 

5 
2.4* 10" 

5.4 x 10"6 

4.3X10-6 

4.4 x 10-6 

8.4 x 10"7 

4.9 x 10"6 

4.6 x 10"6 

4.4 xlO"6 

5.5 xlO*6 

6.0 x 10' 

4.8 x 10 -6 

ham 

40V 

As^aeres 

1.4 x 10 

8.2 x lO-8 

5.5 x lO-6 

1.4 x 10'5 

5.3 x 10-5 

2.5 x lO"6 

9.6 x 10"6 

1.8 x lO"6 

7.8 x IQ"6 

5.2 x 10"6 

5.6 x 10"6 

6.8 x lO"8 

40V 

Amperes 

2.0 x 10"1* 

-4 
2.1 x 10 

-4 

LVCER 

50ma 

R-100 

hre       VCE(6at) 

VCE-10V tlc-7^ 

7.2 x 10' 

8.0 x 10 -'. 

4.4 x 10-0 

1.6 x 10"5 

5.6 x 10"6 

•6 2.2 x 10 

2.4 x 10 

2.0 x lO"4 

1.4 x lO"4 

1. 5 x lO"1* 

2.8 x 10 

9.4 x 10'5 

5.0 x lO-4 

1.8 x lO"4 

1.4 x lO"4 

6.8 x lO*8 

2.5 x 10*5 

1.0 x 10"^ 

5.9 x lO"4 

1.2 x lO"4 

5.8 x lO"4 

5.2 x 10 4t 

1.7 x 10"8 2.4 x 10"5 

76 

79 

75 

72 

^5 

70 

80 

7 5 

72 

75 

Si 

75 

98 

>:■ 

91 

69 

96 

73 

91 

Ic-550ia> 

25.1 

25.0 

15.4 

9.7 

6.7 

16.5 

18.4 

20.0 

16.5 

15.4 

25.0 

39.0 

59.0 

16.5 

22.0 

17.4 

36.9 

14.0 

25.5 

IB-l40Mi 

.85 

.73 

1.0 

1.2 

• 9 

.81 

.81 

.62 

.8 

l.l 

1.45 

• 58 

.50 

1.5 

1.5 

i:4 

l.l 

.79 

1.4 

^OB 

40V 

8.11 

8.15 

8.19 

8.54 

10.05 

8.67 

8.84 

9.80 

8.72 

8.49 

6.62 

8.45 

6.96 

6.89 

6.76 

6.67 

6.4? 

8.79 

6.67 
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TABLE VIII (Cont.) 

DIBECT CURRENT PARAMETER OF FINAL TA-2307 TRAMS ISTCRS 

Final Transistor Delivery Number 2 

77 

V 
CBO VCBO 

1m) hxo ICES CER £ ^(sat) C0B 

Unit lOOpa IOOM«       4V 40V 40V SOwi VCE-10V [   750tea c 40V 

Ho. Volt« Volti Anperes Anperes Amperes R-10Q I^OBB I_-l40na<   inif 

»♦2-72 62 50 5.8 x lO"6 6.1 x lO*6 5.6 x 10-5 91 29.1 1.2 6.61 

kz-ik 50 50 6.2 x 10"6 2.6 x lO-9 
4.4 x 10"6 72 17.5 1.2 6.97 

te-75 60 45 4.8 x lO-6 1.6 x lO"6 5.6 x lO-5 
92 69.5 1.1 6.55 

42-78 75 50 4.6 x 10-6 2.5 x 10"7 1.5 x lO"4 101 29.2 1.5 6.54 

42-61 40 12 2.4 x 10-6 l.K x lO"4 4.0 x 10mk 
105 15.9 .95 • 

U2-62 65 40 4.8 x 10"6 5.1 x 10"7 9.1 x 10-5 95 55.0 1.1 6.35 

U2^3 40 6.0 2.6 x 10"6 1.1 x lQmk 7.1 x lO"4 82 25.5 1.0 7.53 

43-2 60 60 1.4 x 10"6 1.5 x lO"10 1.5 x lO"10 94 21.9 -9 6.53 

43-6 71 71 1.9 x 10"6 5.4 x lO"10 5.4 x lO'10 90 39.0 .8 6.7 

43-7 75 73 5.0 x 10"5 6.2 x 10"7 1.2 x 10"5 100 17.0 1.2 6.26 

45-6 60 60 9.0 x 10"8 7.2 x 10"11 7.2 x lO"11 94 14.0 • 9 6.61 

44-2 48 .0 4.2 x lO-6 6.5 x lO"6 7.6 x lO"4 70 14.6 1.4 6.56 

44 J» 62 45 5.8 x 10"6 8.4 x 10-7 5.4 x 10-5 85 14.6 1.8 6.24 

44-5 60 60 5.6 x 10 5.1 x lO'10 5.0 x lO"10 85 14.0 1.6 6.57 

44-6 58 56 1.9 x lO"6 L.l x 10"8 
2.2 x 10"^ 84 14.0 1.4 6.75 

44-12 69 55 7.4 x 10"6 2.0 x 10"8 1.9 x lO-5 80 14.0 1.5 6.57 

44-21 65 65 J.4 x 10"7 5.2 x 10"10 5.2 x 10-10 80 20.0 1.2 6.56 

44-26 6l 61     i +.1 x 10"6 ».2 x 10"9 4.1 x 10 80 15.9 1.4 6.66 

44-2? 65 65    . 5.8 x lO-6 5.8 x 10'9     8.1 x lO-6 
89 11.7 2.0 6.48 

-. 



I 
I i 
i 
i 

TABLE VIII (Cont.) 

DIRECT CURRENT PARAMETER OF FINAL TA-2507 TRANSISTORS 

Final Transistor Delivery Number 2 

1 
vCBO vCEO 

IEBO ICB0 *CES LVCER 
hFE V^sat) C0B 

Unit lOOw lOOpa 4V 40V 40V 500» V10V lc-TX** 4ov 

i 
f 

No. Volt« Volts Aaperes Amperes Araperes ^-100 V550« iftim mif 

U4-33 65 65 9.5 x 10"7 1.9 x 10-10 2.0 x lO"10 92 19.4 1.4 6.23 

U4-36 67 67 9.0 x 10"6 2.0 x 10"10 2.0 x 10-10 90 13.? 1.6 6.48 

1 ^-58 63 61 5.8 x 10"^ 1.2 x lO"6 1.7 x 10-5 90 11.7 1.8 6.47 

Ui*-4l 65 64 9-2 x 10'7 2.2 x 10"0 2.4 x 10"5 84 11.5 1.3 6.77 

1. W-l»5 66 57 4.0 x lO-6 9.2 x lO"8 4.4 x 10"5 90 14.0 1.6 6.51 

I 
kk-k6 75 75 9.1 x 10"7 8.4 x lO"? 8.6 x 10-9 100 27.7 2.0 6.26 

W-52 71 71 3.4 x lO"6 5.9 x 10"9 8.6 x lO"6 100 8.8 2.0 6.45 

D W»-53 65 60 6.6 x 10'7 3.1 x lO"8 4.5 x 10-5 
92 18.0 1.1 6.21 

M*.5^ 60 60 
-6 

3.2 x 10 1.8 x lO*10 1.8 x lO"10 90 8.35 2.; 6.41 

1 M*-56 75 75 5.0 x lO"6 2.8 x 10-10 2.8 x lO"10 78 8.75 2.0 6.64 

E 
W-57 75 75 9.0 x 10'7 1.8 x lO"8 1.2 x lO"6 90 10.0 2.0 6.55 

U4-58 65 65 8.0 x 10"6 2.4 x lO"10 2.4 x lO"6 
97 12.8 1.7 6.51 

I W»^3 70 70 4.0 x 10"6 7.3 x 10"9 6.2 x lO"6 
95 11.7 1.8 6.41 

Wi.65 48 45 3.8 x lO-6 9.9 x 10"9 8.6 x lO-6 98 7.8 2.4 6.56 

B 44-66 71 71 3.6 x 106 3.0 x 10"8 
1.8 x 10"5 97 8.35 2.0 6.30 

D 
U4-70 70 70 9.2 x 10"^ 7.1 x 10-7 1.6 x lO"6 

97 12.5 2.2 6.59 

44-71 62 10.0 4.9 x 10'7 1.2 x 10mk 3.0 x lO"1* 99 44.0 .8 6.68 

1 
0 

44-72 65 65 9.0 x 10"7 1.6 x lO"10 1.4 x lO"10 
95 12.8 1.8 6.15 

• 
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TABLE VIII (Cent.) 

DIRECT CURRENT PARAMETER OF FIKAL TA-2307 IRAKSISTaiS 

Fiaal Transistor Delivery Bumber 2 

VCBO VCEO nM hao ICES LVCER ^ W8^ C0B 

Obit loom 1 100MS         kV Uov kov fOm VCE-10V Ic-TjCto koy 

Ro. Volt! 1 Volts     Aicperes Aqpsres Aoperes R-ion IC-550M Ig-lUOM Wif 

W-75 68 68 6.4 x lO"6 2.0 x 10"10 2.0 x 10-1( 89 8.8 2.2 6.22 

W1.76 65 65 5.8 x 10"7 1.9 x 10"? 1.2 x 10-5 100 20.6 1.0 6.31 

^.78 70 50 5.4 x Iß-6 3.2 x 10"7 k.B x 10-5 96 17.5 1.8 6.58 

W.79 68 65 5> x 10"6 l.i. x lO"6 5.2 x 10"5 90 14.0 1.9 6.69 

u^o .78 30 U.U x 10"6 6.5 xlO"7 1.0 x lO-9 118 25.0 1.9 5.7? 

u-61 72   1 72 I..6 x 10"6 U.8 x 10"8 2.8 x 10"5 105 14.5 1.8 5.84 

U.Ö2 69   | 61 5.1 x 10*6 9.8 x 10"9 2.2 x lO"6 100 11,6 2.2- 6.31 

W»-R 66 kO 5.0 x lO"6 2.1 x lO-6 8.0 x 10'5 
95 17.5 2.0 6.25 

U^5 71 71 5.5 xlO"6 1.3 xlO*10 1.3 x lO"10 95 9.2 2.0 6.02 

W^6 65 65 »♦.8 x 10"6 8.8 x lO"10 1.3 x lO"8 85 13.0 1.9 6.62 

W*^7A 75 75 3.0 x 10"4   1.5 x lO"6 3.4 x lO"6 
105 18. i» 2.0 6.2 

U^7 68 68 1».7 x lO"6 9.8 x 10"11 1.2 x lO"10 100 23.2 2.4 5.8». 

W-93 68 60 U.8 x 10"6 1.4 x 10*9 
l».0 x 10*7 100 19.5 2.0 6.3 

Uf.9U 71 71 6.6 x 10"6 l.U x lO"10 L.U x lO"10 81 10.0 2.0 6.5 

W*-95 66 63 5.7 x 10"6 5.4 x 10-8 L.8 x 10'5 80 13.5 2.5 6.5 

M4.96 72 65 if.5 xlO-6 1.6 x 10"7 *.k x 10"5 LOO 15.9 2.1 5.8 

kk-97 75 35 i».2 x 10"6 1.5 x 10'7 ?. 3 x 10"5 90 11.6 1.9 6.5 

kk.# 70 70 5.2 x lO-6 I.5 x 10"7   , 5.1 x 10*5 LOO 9.5 2.5 _ 

^♦-100 60 58 2.8 x 10"6 5.4 x lO-8   ; 5.6 x 10"5 
89 11.6 2.1 6.29 
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TABLE vni (Cont.) 

DIRECT CURRENT PARAMETER OF FINAL TA-2507 BUUKSBM 

Final Transistor Delivery Nunber 2 

e vCB0 VCE0 hso ^BO ^ES LVCEF *n ^(sat) C0B 

E 
Unit IOOMS i 100»ia         4V 40V 40V 50oa VCE-IOV IpWrn 40V 

No. Volts Volti Amperes Amperec Acperes R-1(W Ic-350na Ig-l40aaj   i4*f 

I kk.iok 70 69 4.8 x 10"6 5.2 x 10"8 1.6 x IO"5 83 13.4 2.4 6.67 

I 
1^-105 70 70 5.2 x lO-6 

1.5 xlO'10 1.5 x 10"1C 90 14.0 2.6 6.44 

W*-108 62 62 6.2 x 10"4 1.6 x IO"7 
1.5 x IO"6 80 7.8 1.5 6.26 

1 M*-109 64 64 9.1 x 10'7 1.8 x IO"9 1.8 x IO"9 
70 17.5 2.3 6.0 

W-110 75 75 4.4 x lO"6 4.0 x IO"10 
4.0 x IO"10 92 19.4 1.95 6.22 

r 44-10^ 62 62 7.0 x 10"6 2.0 x IO-6 2.0 x IO-6 
79 10.0 2o 6.7 

B 
44-113 72 72 5.5 x 10"6 4.U x 10"i0 7.1 x IO"9 90 18.4 2.1 7.79 

44-114 61 60 .4 x 10"6 3.0 x IO"10 4.4 x IO"6 85 8.75 .9 6.48 

f 
44-116 65 62 4.3 xlO"6 2.0 x IO"8 1.2 x IO"5 70 8.5 2.^ 6.10 

44-118 73 50 4.2 x 10"6 2.6 x IO-8 5.7 x IO*5 80 12.0 2.4 5.42 

i 44-121 71 3.5 7.2 x 10"6 7.0 x IO"6 2.6 x 10"^ 80 15.4 2.6 5.39 

! 

44-125 76 14 4.4 x lO"6 7.0 x IO"6 2.6 x IO"4 100 14.0 1.8 5.95 

44-124 TO 70 4.1 x lO"11 6.0 x IO"10 
2.4 x IO"6 72 11.3 2.0 6.55 

i 44-12? 28 20 4.2 x 10-6 2.3 x 10"^ 2.3 xlO"4 
69 25.0 1.6 6.14 

44-131 69 68 4.8 x lO-6 1 2 x IO"10 1.2 x IO"10 
73 14.6 1.95 6.53 

1 44-134 68 68 4.6 x lO-6 1.4 x IO"6 1.4 x IO"6 70 9.0 2.1 6.51 

! 

44-136 59 59 6.0 x 10-6 2.4 x IO"10 2.4 x IO"10 80 10.6 2.0 6.61 

44-137 77 75 4.8 x 10-6 3.0 x IO"8 2.0 x IO"5 
105 11.7 2.3 5.79 

r 44-138 69 68    i i,l* io"6 5.4 x IO"10 3.4 x IO"10 100 9.2 2.3 6.76 

fi 
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TABI£ VIII (Cont.) 

DIRECT CURRENT PARAICKB OF FIHAL TA-2307 !IRASSISTOHS 

1 • ttoal TraaaUtor Delivery Hanber 2 

VCBO 
v 

CEO %» km kE3 L9CD i   Si WMt 
)caB 

Unit 

lo. 

LOOwa 

Volts 

'OOwa 

VolU 

4V 

Acperes 

40V 

Araperes 

40V 

Aapere» R-100 

VQJ-IOV IC- 73fc»    40V 

IC-35C» I«-l40ttft   wt 

1A-139 70 70 4.2 x 10"^ 3.3 xlO"8 4.2 x 10"6 100 14.0 2.0 6.03 

44-iUO 59 59 4.4 x 10"6 1.8 x lO*8 1.4 x lO"5 82 8.55 2.0 5.35 
Uk-iki 70 30 4.5 x 10"6 1.2 x lO-6 1.2 x lO"6 90 14.0 2.1 4.93 

1 

W»-li»7 70 70 4.5 x 10"6 1.6 x 10-1C 
1.6 x 10-1C 

91 10.9 1.2 6.81 

lA-lW 73 72 2.2 x lO"6 
5.0 x 10"8 2.4 x 10-5 80 20.3 1.8 2.53 

^-151 7C 43 5.6 x 10"6 5.2 x lO"8 5.6 x 10"5 
87 25.0 1.6 6.20 

1 
U-152 c2 62 4.6 x lO"6 3.6 x 10-9 2.6 x 10"6 

72 9.2 3.0 6.20 

U-154 63 62 4.6 x 10"6 1.6 x lO'10 1.6 x lO*10 81 12.9 2.0 6.68 

1 W»-159 62 61 3.4 x lO-6 
4.9 x lO'10 4.9 x 10"10 

98 15.9 1.6 6.72 

44-160 73 73 7.2 x 10"6 5.0 xlO ^ 4.5 xlO"10 100 21.8 1.0 6.57 

44-167 58 58 1.0 x lO"6 1.1 x 10"9 1.1 x 10'9 71 26.9 1.1 7.00 

44-168 60 60 3.0 x lO*4 9.6 x lO'10 1.1 x 10"9 88 22.3 1.1 6.82 

44-169 69 68 1.2 x lO"6 7.0 x UOmf 6.8 x 10*7 90 39.0 .95 6.86 

1. 44-170 70 70 7.0 x lO"6 7.8 x lO"10 8.0 x lO"10 100 14.6 1.2 6.75 
44-171 76 69 5.0 x lO*6 1.8 x 10"7 6.2 x 10-6 

103 70.0 .8 6.40 

1 44-172 76 70 .5X10-6 1.9 x'lO^ L.9 x 10"9 100 70.0 • 9 7.44 

1 
44-174 70 69 3.0 x 10"6 6.6 x lO"10 5.6 x lO"10 

91 15.2 1.1 7.06 

44-175 75 60 7.6 x 10"8 2.0 x 10"9   1 2.0 x IG"9 LOO 50.0 .9 6.77 

1 
44-160 70 60 -8 

9.1 x 10 5.2 x lO"10 5.2 x ID-10 98 44.0 1.1 6.79 

81 

I 



f 

I 
TABLE VIII (Coot.) 

DIHBCT ClBRHfT PARAICTER » FOUL XA-2307 TOAIBI8T0R 

riml Trsnslstor Delivery A*b«r 2 

i 
v 
"CBO VCK) *m km 'CEB ^CH» s§ feM CQB 

1 
Unit lOOua. lOOu* 4v 4ov 40V 50M %-iov ic-75a« 

13.140« 

40V 

i. lo. Volt« Volt« A^eres Aniperes AmpereB R-100 IC-550ä wf 

1 w-181 70 60 9.2 x lO"8 1.9 X 10"9 1.9 x IO"9 93 44.0 1.1 6.79 

w-182 38 35 5.8 x 10'7 2.6 x IO"10 2.8 x IO"14 86 4i.o 1.05 6.81 

1 lA-185 TO 65 9.8 i lO"10 3.8 x IO"10 3.8 x IO"" 90 31.8 1.1 7.0k 

1 
44-184 70 69 8.2 x 10'7 4.6 x IO* 4.6 x IO"4 100 13.5 l.fc ■ 

kk.iB6 72 72 6.0 x 10"6 l.k x IO"10 7.^ x IO"" 90 13.0 1.5 6.76 

1 W»-lfl7 70 TO 3.8 x lO"6 3.7 « IO'10 3.7 x 10"" 90 50.0 1.1 7.«* 

kk-190 65 21 7.9 x lO*6 4.8 x IO"5 3.6 x 10"* 100 63.2 .9 6.81 

B W-195 68 65 1.6 x 10"6 3.6 x IO"8 4.2 x IO"5 82 21.9 1.1 6.70 

f 
U.196 71 70 2.7 x 10"6 4.9 x IO"9 M x IO"9 95 58.0 1.9 7.08 

Mf.199 55 19 6.0 x 10'7 6.6 x IO*7 2.6 x IO"4 65 20.0 1.8 6.22 

1 W*-202 55 ■40 7.^ « 10"8 4.8 x IO"5 1.2 x IO"* TB 11.7 1.35 6.55 
< 

W-204 56 23 2.7 x 10"^ 5.2 x IO"5 2.4 x IO"4 65 17.7 4.0 6.05 

I U4-206 60 60 5.7 « io"7 1.6 x IO"5 5.2 x IO"6 69 15.9 2.0 6.39 

i 
w*-i'09 55 1% 6.4 x 10"7 6.0 x 10^ 2.6 x IO"4 70 44.0 1.65 6.09 

44-211 62 62 2.0 x 10"6 1.1 x IO"9 1.1 X IO"9 80 17.5 1.8 6.25 

i 44-213 62 62 2.3 xlO-6 1.2 x IO"9 1.2 x IO"9 80 17.5 1.7 6.41 

44-214 53 48 .5X10"6 3.6 x IO"7 3.6 x IO"7 do 11.7 1.2 6.5^ 

1 44-215 66 50 7.«» x 10"8 5.k x IO"10 2.4 x IO"9 81 87.5 1.8 6.70 

44-218 ?7 57 7.0 x 10*7 6.8 x IO"9 8.6 x IO"6 68 25.3 2.5 5.98 

i 

B 
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TABLE VIII (Cont.) 

DIRECT CURRENT PARAMETER OF FINAL IA-2507 TRANSISTOR 

Final Transistor Delivery Nunber 2 

1 

11 

Unit 

No. 

V 
CBO 

100m 

Volts 

fCM           IEB0 

lOOpa           4V 

Volts     Anperes 

40V 

Anperes 

ICES 

40V 

Amperes 

CER 

500a 

R-100 

Vcg-iov   ic-75a» 

IC-350M  IB-l4Ctoa 

C0B 

40V 

•A-219 62 29 2.6 x 10"6 6.0 x 10"7 1.4 x lO"4 
71 16.7 2.1 6.32 

1^-225 59 52 9.1 x lO"8 9.4 x 10"7 2.7 x 10*5 72 46.6 1.3 6.39 

E i^-230 k8 48 3.6 x 10"6 4.0 x 10*5 4.0 x 10"5 78 20.3 2.5 - 

1 
44-231 66 62 .8 x 10"6 7.0 x 10"10 7.0 x lO"^ 91 39.9 1.7 6.22 

44-232 65 65* 8.0 x lO"6 9.0 x lO"10 9.0 x 10"1C 
72 39.0 1.9 6.24 

i 44-2$2 55 25 6.2 x 10"7 6.4 x 10-5 2.0 x lO"4 92 26.0 1.? 7.48 

45-1 72 60 5.1 x 10-6 2.5 xlO"8 2.9 x lO'* 82 25.4 1.75 6.6 

1 45-2 6? 50 6.6 x lO"4 I 5.2 x lO"6 1.9 X ID"5 100 39.0 1.6 5.3 

! 

45-5 62 to 4.5 x lO"6 7.0 x 10*9 7.1 x 10"6 81 15.0 1.6 6.4 

45-6 62 16 4.2 x lO"6 1.4 x 10"6 2.5 x lO"4 98 19.0 1.2 6.1 

* 
45-8 38 2.8 4.0 x lO"8 1.2 x lO"1* 6.6 x ID"4 

89 17.0 1.6 6.7 

45-9 60 35 4.0 x 10"6 2.9 xlO"7 8.6 x 10"5 83 14.0 1.5 6.3 

45-10 78 9.0 4.7 x lO-6 1.8 x 10-6 8.6 x IG"4 
80 17.0 1.2 6.3 

i 
45-12 70 21 9.0 x 10"7 5.2 x 10"7 1.8 x lO"4 100 19.0 1.0 6.0 

45-13 80 14 3.8 x lO"6 2.2 x 10'7 3.5 xlO"4 100 14.0 1.8 6.2 

! 
45-14 85 20 4.4 x 10"6 8.8 x 10-7 8.0 x lO"4 100 17.5 2.3 6.11 

45-17 71 36 9.0 x 10"7 3.8 x 10-7 8.0 x 10"5 90 20.0 1.5 6.5 

J 

2 

45-20 79 79 5.2 x lO"4 6.3 xlO"6 B.6 x lO"6 
95 14.0 1.6 6.4 

45-21 72 72 3.6 x lO-6 5.0 x 10"11 5.0 x IO'11 94 14.0 1.8 6.46 

" 
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TABLE VIII (Cont.) 

DIRECT CURRENT PARAMETER OP PIHAL TA-2507 TRANSISTOR 

Plnal Transistor Delivery Number 2 

v vCB0 VCE0 IEB0 1CBO kss LVCER Si VCE(8at) ^OB 

Ifait 100M« 100M« 4V 40V 40V 501« VCE-10V Ic-75Ctaa 40V 

No. Volts Volt« Amperes Amperes Amperes R-100 Ic-350na Ig-l^Ona Wif 

1*5-22 TO 9.0 4.4 x 10"6 9.8 x 10"7 5.6 x lO"4 95 25.0 1.6 5.9 

^5-23 70 70 4.0 x 10"1* 2.6 xlO"10 2.6 x 10-1C 82 16.0 1.6 6.8 

45^6 75 65 8.6 x 10"7 2.2 x lO"8 
1.9 x 10'5 95 15.0 1.8 7.3 

45-29 75 42 9.5 x lO'^ 1.8 x 10"7 
e  1 

6.0 x 10'? I   71 
i 

21.0 1.8 6.22 

45-30 33 6.0 i».l x 10'6 1.2 x 10"^ 3.6 x 10"* Vo 14.0 1.4 6.1 

45-34 68 30 3.6 x 10"6 1.6 x lO-6 1.2 x lO"4 90 19.0 1.6 6.38 

45-35 68 68 9.0 x 10"7 1.8 x lO"10 1.8 x lO"10 
95 14.0 1.5 6.3 

45-36 70 12 4.6 x 10*6 4.0 x 10"6 4.0 x lO-4 
95 25.0 1.6 6.1 

45-39 50 10 8.5 xlO-7 5.0 x 10"5 9.2 x 10'k 100 29.0 1.6 5.7 

45-41 80 13 4.0 x 10"6 5.8 x 10"7   5.9 x lO"1* 98 14.0 1.9 6.0 

Ök 
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1. 

on a Boontoa Type Modal 75^-80 Capacitance Bridge. Capacitance 

effects associated with the device socket are nulled out of the 

equlpoent prior to meaaurement of the devices. The accuracy of 

the capacitance bridge Is t^ percent. A precision voltmeter 

having an accuracy of one percent is used to Bonltcr the collector 

voltaga. 

The eaittar cutoff current (IJJQ) »t U.O volts reverse bias bet- 

ween emitter and base and the collector-base leakage current (l«^) 

at ko volts reverse bias between collector and base given in 

Table VIII are measured in the same equijoent as the collector cut- 

off current (iggg). 

The collector base breakdown voltage (VCB0) and the collector emitter 

breakdown voltage (V^Q) »t 100 microami«re8 are measured using a 

calibrated Tektronix Curve Tracer. ?ti» duca is presented lr. tne 

table. 

The static forward current transfer ratio (h_) is measured at a 

collector potential of 10 volts and a collector current of 350 

milllaaperes using the Tektronix Curve Tracer. The measurements of 

this parameter on the final saa^les are shown in the table. 

2.  Radio Frequency Parameters 

a*  Meaaurement of r.. , 
bb' 

The base lead resistance was measured on a General Radio bridge. 

The input impedance hie was measured as a function or frequency. 

89 
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1. 

Tb« reiultt were plotted on a Saith Chart and the point 

vh«re the curve Intersected the real axis, ehcnrln« zero 

reeotanoe, wa« Uten Mr.. ..  Ä1» occurred et «bout 200 

where eubeequent unite were aeeeured.    Seople «eeeureaenti 

of r    , on the final tranaietore are ibofwn in Table IX. 
"bb' 

b»     KeaaurcMcnt of fy 

Oair^bandwidth (^) la datenlmd by aeaaurlng hfe «t a 

frequency where h     la decreaalnc at 6db/ocU*e and ualn« 

the equation: 

^fe x    f nt. 

Device« were aaapled for f~ aeaaureaenta at a collector 

voltage of 10 volte, a collector current of 200 ■llllaaperea 

and a frequency of 500 Mfaeyelea. Tba aeaaured values are 

preeented la Table DC. The aeaaureaent waa aade on a aUl60?-A 

tranefer function and ealttance bridge. 

Mechanical and Envlronaental 

Ten finiahed translatora ware aubjected to Group B inspection. The 

teata included in this inspection ware: 

1. Moisture Resistance (hellia leak test) 

2. Vibration (variable frequency) 

). Shock (non-operating, 500g) 

U. Conatant Acceleration (10,000g) 

J, Teaperature Cycling (-öj'C to 200*0 5 cycles) 

90 
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TABLE IX 

SAMPLE MEASUREKEirrS OF BASE SPREADING RECISTA::. 
X-    • A8D GAIK BAKWDTH PRODUCT,!t 

DC 

Unit 
No. 

Vcjiiov 
Ic- 200e» 
f- 500OC 

v^'iov 
L?200ea 
r- 500BC 

57-27 332 - 

3l»-13 396 - 

»H-^ 550 - 

*-19 koo - 

57-30 k6k - 

37-33 58C - 

3«»-l8 390 ■ 

37-5 520 • 

37-7 60t» • 

»»1-33 523 • 

37-9 588 - 

Vl-52 532 - 

Ul-27 U56 - 

*-9 520 - 

31-3 270 - 

37-23 U32 - 

** 580 - 

26-31 158 - 

30-20 266 - 

5l»-i*2 U8 - 

Uo-ii* 605 - 

UO-28 5kO - 

1*1-10 • 11.6 

'♦1-53 - 12.0 

41-67 725 15.5 
1*1-76 725 12.k 

U2-67 700 12.5 

91 

Unit 
No. 

W 10V 
llm 200m 
f- 50Qnc 

!„- 200ca 
r-250 nc 

10.6 

12.0 

14.157 665 I2.ll 

14-158 650 12.0 

14.151 770 a 

14-1^ 685 - 

14-168 590 10.1 

14-170 560 10.3 

M»-l82 625 11.6 

14-181» 665 12.3 

14-186 585 - 

14-187 680 - 

14-199 725 - 

14-202 705 - 

14-201» 670 - 

M»-206 635 ■ 

14-209 770 - 

14-252 675 - 

1»5-1 715 - 

l»5-2 725 - 

ll5-ll» 730 m 
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6. Vibration (fatigue) 

7, Stor«g« Life (200*C, 1000 hour») 

The collector cutoff current {l^ and I^) at a eoll«ctor volt- 

age of 26 volt« and the emitter cutoff current (l^gg) *t an emit- 

ter voltage of ^ volte were aeaaured after each teat. 

Two of the ten unite indicated leaia durir-s the helium leak teat. 

No failurea occurred during vibration (variable frequency), ahock 

(50Cg) or vibration (fatigue) tev.e. 

TVo failurea occurred during the conatcnt tcceieration teat. One 

unit showed an emitter-baae abort and another ahowed an emitter 

baae and collector emitter open. Examination of theae unita re- 

vealed that a portion of the gold Betallislng, containing the bonded 

emitter wirea, had pulled looae from the BeO on the open unit. It 

waa obaerved on the aborted unit that the first bond on the emitter 

bonding area waa aet too far back from the end of the wire. Con- 

sequently, the extended end of the emitter lead pivoted about the 

bond and fell acroaa the baae metallizing resulting in an emitter 

baae abort. 

One failure occurred during temperature cycling while no failurea 

were encountered in the 200*0 atorage life teat after over 1750 

hours. 

Improved control on the welding cycle in the sealing operation baa 

eliminated helium leak test failures. Over 100 sealed units have 

11 
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oeen aad« with no failures. 

The failure cauMd by the pivoting of the emitter lead aero« 

the cue Mtallitiog MM «liainftUd by pjaclng the fIrat emitter 

bond lj»edlately next to the end of the «sitter lead. 

The package uaed in the fabrication of the final device waa a 

7/l6" i»elated collector, double ended atud. A photograph of 

this package la ahovD in Figure 90. 

The bairyliUB oxide laolating saterial has a ■atallised tab 

appro«iaataly 110 alia vide and 105 alia long. Drawings of thi« 

package are shown in Figures 51, V, and 45. 

Gold-silicon waa used aa the alloying «aterlal between the silicon 

pallet and aetallised ceraaic. Mounting it perfomed at the lowest 

coapatltle Uaperature with the silicon pellet by the alloying 

■aterlal. A taavaratur« of hy*C and a aountlng ataoopbere of 

nitrogen results in satisfactory wetting of the silicon with no 

degradation of the units during this operation. 

The thermal resistance la affected by the coapleteneaa of alloying 

obtained during mounting. Thermal resistance measurements are per- 

forasd using the test set shown in Figure >U, using a comnon base 

configuration. In these aeasureaents, the input characteristics 

(V—, IjJ, which are a function of temperature, is determined by 

heating the unit under test with circulating hot water. The device 

I 
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a.    Front View 

c.   Top View 

b.    Side View 

FIGURE    50 HIGH FREQUENCY POWER TRANSISTOR CASE 
(DOUBLE ENDED STWD-ISOIATED COLLECTOR) 

<* 



I 
r 
f 
i 

i 

i 
i 

I 

I 

r 
r 
i 

i 
D 
0 
D 
B 

.120 

.0*0 

n 
I 

n 
M 

E T 
FIGURE 31   SHELL ASSEMBLY 
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FIGURE 32 HEADER ASSEMBLY ISOLATED COLLECTOR 
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FIGURE 33 7/16 HEX ISOLATED COLLECTOR 
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FIGURE    5U THERMW. RESISTANCE TEST SET 
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is monitored by a thermocouple and brought to a tespereture of 

approximately 70* to 80*0. A short duration (2 percent duty 

cycle) current pulae (Ig) ia then «ppli«d co the device and the 

input volta#» (V.-) ia recorded. The unit la allowed to cool 

and then heated again by power diaalpated In the device. Tbe 

same amplitude baae current pulse, but longer duration (96 percent 

duty cycle), is applied. The collector voltage is varied such 

that the temperature rise, due to power dissipated in the unit, 

results in the same V— indicating the unit is then at the same 

temperature as when ueuted with vhe hot water. 

As previoualy discuaaed, the thermal resistance is calculated fro« 

the relationship: 

A T 
7P. (18) 

diss 

Measurement» of thermal resistance on devices fabricated with the 

final transistors are presented in Table X. Of the 15 units measured, 

five had thermal reeiatance values greater than 1^.6*0 per watt. 

The fifteen devices were subjected to operating life tests with 

conditions of lUO'C caae temperature and collector power dissipation 

of four watts at 28 volts. Of the devices tested, unit number M*-lU 

failed within 250 hours and unit numbers ll-l8, 1*5-4 and U4-216 failed 

between 250 and 500 hours. A comparison of the life test results 

to the thermal resistance data shows that the units which failed 

also exhibited excessively high thermal resistance values. 

JO 



I 

I 
I 

I 
I 
I 
I 
f 

r 

TAE1Z X 
THERMAL RESISTAirCE OtUfBtEMBB 

TA-2307 nuuBiwoBa 

Unit 
No. 

Therral RMlltailM 
•C/Watt 

51-2U 8.5 

5^59 8.7 

55-17 1U.0 

UO-20 11.0 

UO.35 15.0 

Ul-18 21.0 

UJ-I» 37.C 

Uk-lk 32.0 

i^-123 8.9 

U4-166 12.2 

1*^179 9.2 

M»-201 7.5 

14.216 28.0 

Mu217 25.0 

M»-223 10.7 

1 
I 
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Examination of open circuited devices during life testing showed 

the formation of purple plague on the emitter bonding area causing 

the bonding wire to be consumed in the eutectic formed. 

Further studies of the thermal resistance resulted in the use of 

a gold and molybdenum buffer between the metallized ceramic and 

the silicon pellet. The molybdenum was mounted to the metallized 

ceramic using gold alloy preforms and the silicon pellet was 

mounted to the moly using the gold silicon eutectic. This mount« 

Ing approach resulted in the isolation of the silicon pellet from 

contact with the nickel plating and subsequent materials in the 

ceramic metallizing. 

Measurement of units mounted by this method indicated consistent 

thermal resistance values between 8.3 and 9.U*C/watt. 

5.  High Frequency Power Gain Measurements 

Various high frequency test circuits were designed and constructed 

to evaluate the devices at ultrohigh frequencies. Initial ex- 

perimental model transistors were measured in a 400 megacycle Class C 

coonon emitter amplifier shown in Figure 33. 

Tuned line (distributed parameter) and lumped constant 500 j^acyclc 

circuits were fabricated in both common base and common emitter 

configurations. In general, considerably higher output powers were 

obtained in the common base chassis, however, the circuit was only 

conditionally stable. At 300 megacycles, the common base circuit 

could be tuned for maximum output power by use of the base circuit 
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and collector circuit adjustable stUüS. An impedaace match 

between the device ir.put and -.he sig;x.l source- and between the 

load and the collector waa obtained as indicated by an inline 

wattmeter. This meter oeesures both the power delivered to the 

input of the device and the power reflected back to the signal 

generator. The condition of zero reflected power indicates 

an iB5>edance match between the signal generator and the amplifier 

circuit. In the coranon base circuit, this impedance match was 

obtained. However, disconnecting the signal generator resulted 

in oscillation of the circuit. Typical jov/er gain data obtained 

on a unit in the cenmon base circuit and in the conanon emitter 

circuit is shown in Table XI. Because of this instability ex- 

hibited by the coomon base circuit, it was decided that a more 

accurate evaluation of the device coulc ce  med^ in the comnon 

emitter configuration. 

The finalized circuit used to evaluate the devices was an unneutral- 

ized, Class C, coomon emitter amplifier employing tuned lines. The 

use of tuned lines enabled the circuit to be applicable over a wide 

range of ia^pedance matching conditions. The circuit diagram is 

illustrated in Figure 56 and a photograph of the circuit and associat- 

ed equipment can be seen in Figure 37. 

The output power obtained on the second and third group of state-of- 

the-art transistors in a high frequency lumped constant circuit is 

given in Table XII. Table XIII shows 1+00 megacycle datt on two 

devices in a lumped constant and tuned line circuit. A comparison 
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of the units Indicate the tuned line circuit results in slightly 

higher output power and improved efficiency. A plot of UHF out- 

put versus input power at U00 megacycles for collector voltages 

of 28, 1*0 and 50 volts is shown in Figure 50. 

These state-of-the-art sacples were ;'u. rica-ed using high resis- 

tivity starting material, deep diffusions and a mediun sheet 

resistance of the P* matrix. A comparison of these units to 

devices fabricated on low resistivity material, using shallow 

diffusions and a very low P layer sheet resistance,indicate« 

the advantage associated with lower resistivity material. 

Ultrahigh frequency power gain measurement data on the final 

samples using the circuit of Figure ^6 is shown in Table XIV. 

These samples were fabricated using the J-U ohm em starting 

material. 

Figures 39 and UO present disiriuutions of the power output and 

circuit efficiency of the final samples. 

A plot of power output versus frequency for an input signal level 

of one watt at collector potentials of kO and 50 volts is depicted 

in Figure kl.    No data was obtained beyond the 750 megacycle point 

shown on the curve due to limitations of the range covered by cer- 

tain of the circuit conponents. It can be seen from this curve 

that the units are not yet falling off at 6db per octave which 

suggests the possibility of the ooserved falloff being caused to 

some degree by the package design. 
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TABLE XI 
COMPARISON OF COMMON BASE AND 

CO»#CN DCTTER TONED LINE AMPLIFIEFS 

CoBoon BM« Tuned Line Circuit • 5X =c 

Unit 
ITo. 

Pin 
Watt« 

VCB 
Volts 

hi PO 
Watts 

TO 
db i 

37-1 0.5 to 374 5.0 10 33.5 

1.0 40 295 5.8 7.64 49.0 

1.0 50 286 6.35 8.03 1*4.3 

CoBBor. Eaittei- Tuned Lice Circuit - ' CO cc 

Unit 
Pln VCB 

  

T 

-c PO PG n 
»0. Watts Volts BS Watts db * 

37-1 1.0 40 195 3.1 4.92 39.7 

1.0 50 245 3.7 5.68 30.3 

D 105 
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TABLE XII 
HIGH FREQUENCY MEASUREMENTS OF UmBBBUf  

Yf^mj. 1^-2507 TRANSISTORS-COMMON EHTPTER CONFIGURATIO.» 

Experiaental Model Transistor Delivery Number 2 

f • 50 Megacycles 

f ■ 150 Megacycles 

1 1.0 28 105 
5 1.0 28 155 
12 1.0 2£ 175 
15 1.0 28 205 
15 1.0 28 205 
16 1.0 28 HO 
20 1.0 28 2-5._ 

Experimental Model Transistor Deiiv .ry ::u-.bcr 5 

f • kOO Megacycles 

25-2 
26-2 
26-U 

26-5 
26-10 
26-11 

25-2 
26-2 
25-1» 
26-5 
26-10 
26-11 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

50 
50 

50 
50 
50 
50 
50 
50 

1CÖ 

Unit 
No. 

Pin 
Watts 

VCE 
Volts 

T 

ma 
PO 

Watts 
PS 
do 

n 
i 

1 
5 
12 
15 
15 
16 
20 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

28 
28 
26 
28 
28 2? 26 

>5 
575 
575 
575 
575 
575 

6.5 
6.2 
6.2 
6.2 
6.2 
6.»» 
c.5 

9.2 
9.1'» 
9.1'» 
9.1^ 
9.1'» 
9.2^ 

?-2 

66 
78 

79 

170 5.4 6.52 40.0 

150 5.'» 8.52 ^•5 

150 5.6 8.57 46.0 

140 5.8 6.8 5^.5 
160 5.6 8.57 45.O 

150 5.9 6.92 52.0 

175 4.7 6.72 55.7 
180 4.7 6.72 52.2 

200 5.1 7.08 51.0 

180 4.8 6.82 55-5 
160 4.4 6.45 55.0 
200 5.0 6.99 50.0 
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COMPARISON OF C0M4QN EMITTER 
LUMPED COKSTANT AND STOB TONED AMPLIFIER CIRCUITS 

400 Megacycle Lumped Cor.star.t Acpllf ier Circuit 

Unit 
Pln VCE 

:c 1  ro PC 5 
No. Watta Volts ■B Watts db i 

31-2 1.0 28 190 5.4 5.32 63.8 

1.0 50 190 5.* 7.32 56.9 

31-3 1.0 28 200 3.1 U.92 55.^ 

1.0 50 220 5-5 7.21* W.3 

400 Megacycle Stub Tuned Aspllfler Circuit 

Unit 
No. 

Pin 
Vatts 

VCE 
Volts ma. 

PO 
Watts 

PC 
db 

31-2 1.0 28 190 3.6 5.56 67.6 

1.0 50 225 5.3 7.6U 51.6 

31-2 1.0 28 170 3.2 5.05 67.1 

1.0 50 205 %* 7.32 52.7 

i: 
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TABLE XIV 
500 MEGACYCLE POWER GAIN DATA ON FINAL TA-S^O? TRANSISTORS 

Final Delivery Number 1 

Input Power ■ O.J Watt 

Unit 
No. 

VCE 
Volte ma 

PO 
Watts 

PC 
db i 

37-27 50 295 3-7 8.68 25.0 

5^-13 50 308 3^ 8.30 22.1 

37-7 50 235 3.0 7.77 25-5 

37-9 50 295 2.7 7.32 18.3 

37-23 50 2^0 2.2 6.42 18.6 

30-20 50 164 2.25 6.52 27.2 

3^2 50 240 2.3 6.62 19.1 

Input Power »1.0 Watt 

57-27 50 360 5.2 7.16 28.9 

34-13 50 270 5.0 7.0 57.0 

41-34 50 350 4.7 6.72 28.5 

5^19 50 275 4.6 6.63 55.9 

37-30 50 505 4.6 6.63 50.2 

37-33 50 555 M 6.53 25.5 

34-18 50 275 *.5 6.55 52.7 

37-5 50 285 4.4 6.43 30.9 

37-7 50 285 4.4 6.43 50.9 

41-35 50 555 4.4 6.45 26.3 

37-9 50 282 4.2 6.25 29.9 

41-52 50 420 4.2 6.25 20.0 

0 
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TABUS XlWCont.) 
500 HBOACYCLE POWER GAIN DATA ON FWd. TA-2307 roASSISTOERS 

Input Pow«r • i.O W»tt 

Unit 
No. 

U-27 

».9 

31-3 

37-23 

5^-1 

26-31 

50-20 

5iu42 

CE 
VolU 

50 

50 

50 

50 

30 

50 

50 

595 

270 

195 

240 

21*6 

200 

214 

265 

PO 
Watt« 

4.0 

4.0 

4.0 

4.0 

3-9 

3.7 

3.6 

3.6 

PC 
db 

6.02 

6.02 

6.02 

6.02 

5.92 

5.68 

5.57 

5.57 

Final Delivery Huaber 
Input Power »1.0 Watt 

109 

i 
20.3 

29.6 

41.0 

33.3 

31.7 

37.0 

33.6 

27.1 

57-20 50 312 5.0 7.0 52 

57-22 50 365 3.9 5.9 21 

37-25 50 360 5.2 7.15 29 

37-28 50 344 5.0 7.0 29 

37-29 50 280 5.4 7.4 38 

40-11 40 356 4.0 6.0 28 

40-14 40 320 3.5 5.4 27 

40-21 40 520 4.0 6.0 31 

40-28 40 378 3.5 5.4 23 

41-1 40 310 3.6 5.56 29 

41.2 40 310 J^.o 6.02 32 
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TABLE XIV(Cont.) 
500 MÖACYCU: POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS 

I! 
i 
I 
I 
1 
ß 
1 
ß 
k 

leput Powtr • 1.0 Watt 

• Unit 
Ifo. 

VCE 
Volt« 

h PO 
Watts 

PG 
db I 

kl-k 1*0 275 3.8 5.8 35 

Ul-8 40  - - 269 3.7 5.7 3U 

bl*9 ko 275 3.7 5.7 3^ 

Ul-10 1*0 31U 3.5 5.U 28 

^1-53 1*0 215 3.5 5.U Ul 

IH.67 ko 2U5 3.8 5.8 39 

1*1-76 1*0 176 3.5 5.1* 50 

«♦1-92 uo 265 3.7 5.7 35 

1*2-5 1*0 285 3.7 5.7 32 

U2-6 1*0 295 3.7 5.7 32 

U2-16 1*0 300 3.6 5.6 30 

1*2-19 1*0 295 3.7 5.7 31 

1*2-22 1*0 328 3-8 •..8 29 

1*2-29 35 290 3.6 5.6 26 

U2-32 1*0 290 3.6 5.6 31 

1*2-36 35 355 U.2 6.22 3U 

1*2-1*0 1*0 295 3.8 5.8 52 

1*2-1*6 1*0 258 3.8 5.8 53 

1*2-51* 37 275 3.7 5-7 35 

1*2-63 UO 322 U.o 6.0 51 

1*2-61* uo 330 U.l 6.0 31 
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TABLE XIV(Cont.) 
500 »ffiGACyCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS 

Ir.puc Power ■ 1.0 Wttt 

Unit 
No. 

VCE 
Volts tak 

PO 
Watts 

PC 
db 

n 
i 

U2.65 ko 260 3.7 5-7 35 

1*2.66 ko 255 M 6.5 44 

1*2-67 ko 237 3.7 5.7 39 

U2.68 ko 258 M 6.3 42 

»»2-69 ko 300 3.6 5.6 30 

»»2-71 ko 255 3-8 5.8 37 

U2-72 ko 255 4.0 6.02 39 

k2.Tk ko 235 3.6 5.6 38 

»»2-75 ko 250 »♦.0 6.02 40 

U2-78 ko 215 u.o 6.02 n 
»»2-81 50 168 5.6 5.6 40 

42-82 uo 2^5 k,Q 6.02 «.1 

U2-8J *0 230 3.9 5.9 42 

»♦3-2 ko 268 U.l 6.1 38 

43-6 ko 268 4.2 6.2 39 

l»5-7 ko 325 »».5 6.5 55 

U3.8 ko 255 »».5 6.5       | Mi 

U4-2 ko 250 3.7 5.7 J7 

i»iu4 ^5 350 3.4 5.4 22 

M*-5 kt 250 %k 5A 31 

H-8 ko 238 3.6 5.6 38 
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TABLE XIV(Cont.) 
500 MEGACYCLE POWER GAIN DAIA ON FINAL TA-2507 TRANSISTORS 

Input Pow« • ■ 1.0 Watt 

Unit 
No. Volts 

*0 PO 
Watts 

PC 
db 1 

kk.12 40 275 I*.? 6.5 41 

kk.21 ko 275 4.2 6.2 58 

U4-26 ko 250 5.6 5.6 59 

W»-27 ko 240 5.6 5.6 57 

W-55 ko 580 4.0 6.0 26 

Uw36 kO 258 5.7 5.7 56 

•^-58 uo 246 5.6 5.6 56 

U-Ul ko 280 5.8 5.8 54 

u;-io ko 265 5.7 5.7 55 

u-w. 50 256 4.0 6.0 3k 

»»^52 40 295 5.7 5.7 51 

^-55 uo 287 4.2 6.2 56 

M»-^ ko 242 5.8    ! 
1 

5.8 59 

W.56 kO 285 M 6.7 41 

U4-57 ko 275 ^.5 6.5 41 

M*-58 kO 275 4.2 6.2 58 

1^65 ko 285 4.0 6.0 56 

1^-65 40 255 5.6 5.6 35 

UI4-66 40 295 5.8 5.8 52 

Ul^TO 40 265 4.1 6.1 59 

Mi-71 40 260 ?.6 5.6 * 
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TABLE XIV(Cont.) 
500 VBOACKIZ  POWER CAIN DATA ON FINAL TA-2507 TRANSISTORS 

• 

Input Pomx • ■ 1.0 Vtetts 

Unit 
No. Volts aa 

PO 
Watts 

re 
db \ • 

M»-72 kO 267 U.l 6.1 58 

«A-73 ko 258 5.7 5-7 39 

U4-76 ko 2U5 U.O 6.0 Ul 

Mu78 uo 2U5 U.O 6.0 Ul 

W»-79 50 500 U.9 6.9 33 

U4.80 uo 225 U.O 6.0 U5 

Mt.81 uo 228 5.9 5.9 U5 

Uu82 uo 215 5.7 5.7 57 

Uluöl* uo 250 5.9 5.9 UO 

1^-85 uo 255 5.8 5.8 uo 

UU86 UO 220 U.2 6.2 55 

W*-87A uo 207 5.5 5.5 U2 

U4-87 uo 190 5-5 5.5 U6 

Wf-95 uo 268 U.2 6.2 59 

Mu9>» uo 275 U.5 6.5 Ul 

U4-95 UO 250 5.8 5-8 Ul 

U4-96 uo 250 U.l 6.1 UU 

U4-97 UO 2U3 5.5 5-5 56 

U4-98 uo 295 U.5 6.5 58 

M*-100 uo 2U6 U.6 6.0 UO 

Multfi UO            50U U.6 6.6 58 
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TABI£ XIV (Cont.) 
500 MEGACYCLE POWER GAIN DATA ON miAL TA-2507 TOAKSISTORS 

Input Power - 1.0 Watts 

Unit 
No. Voltt na 

PO 
Watts 

PC 
do \ 

U4-105 uo 225 3.U 5.U 39 

Wul08 ko 250 3.9 5.9 39 

i.4-109 ko 270 3.9 5.9 37 

ifiullO ko 255 3.9 5.9 k2 

Uk.l&. ko 505 M 6.5 37 

W»-115 ko 285 3.6 5.6 32 

U4-U»» ko 505 U.2 6.2 3U 

1»U116 ko 268 3.6 5.6 3U 

UJ»-ll8 kO 198 3.5 5.5 UU 

M».121 ko 2U6 3.8 5.8 38 

Uul25 ko 195 3.6 5.6 3U 

H4-12U 50 278 U.5 6.5 2. 

U4-127 uo 2U5 3.9 5.9    ' kO 

UU-133 uo 2U8 3.95 5.9     . -0 

W»-13lf •to 225 3.6 5.6 UO 

U4-156 uo 265 3.9 5.9 '.7 

U4-137 uo 235 3.6 5.6 ") 

Mf-158 UO 230 3.6 5.6 J9 

Mf-139 50 228 u.o 6.0 55 

U4-ll*0 uo 256 3.7 5.7 56 

hk-2kl uo 2U6 3.9 5-9 39 
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TABI£ XIV (Cont.) 
500 MEGACYCLE POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS 

Input Power »1.0 Watti 

Unit 
No. 

VCE 
Volt« ma 

PO 
Watts 

JO 
db \ 

M+-147 UO 272 3.8 5.8 y* 

^-11*8 40 205 k,2 6.2 51 

!^-151 40 233 3.9 5.9 42 

44-152 40 243 3.6 5.6 37 

Wui5l* 40 315 4.2 6.2 53 

•^-159 kO 260 4.1 6.1 59 

M.160 40 340 4.8 6.8 35 

Uiul67 hO 305 4.1 6.1 53 

Mt.168 40 300 3.9 5.9 52 

1^169 40 270 4.2 6.2 39 

W»-170 ko 2J8 3.6 5.6 38 

kk-m kO 285 4.3 6.3 38 

WU172 40 292 4.2 6.2 36 

l»4-17U 40 315 4.6 6.6 36 

uu-175 kO 256 3.9 5.9 iö 

44-180 40 250 3.9 5.9 59 

44-181 40 278 3.7 5.7 > 

44-i8e UO 265 3.5 5.5 35 

44-183 40 312 4.6 6.6 37 

41*-181» UO 255 3.7 5.7 ^ 

44-186 40 260 3.7 5.7 35 
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TABLE XIV(Cont.) 
500 JCGACYCIZ POWER GAIN DATA ON FINAL TA-2307 TRANSISTORS 

Input Power ■ 1.0 Watts 

Unit 
No. 

VCE 
Volt« 

lc 10 
Watts 

PQ 
db \ 

»♦4-187 uo 292 «♦.2 6.2 56 

U4-190 40 515 4.5 6.5 56 

44-195 40 295 4.0 6.0 54 

Wul96 UO 260 4.0 6.0 39 

«♦4-199 40 240 3.5 5.4 37 

U4-202 40 275 3.5 5.4 58 

U4-204 40 250 3.5 >A 37 

«♦4-206 40 2U5 3.6 5.6 41 

44-209 40 250 5.8 5.8 34 

44-211 40 260 4.1 6.1 59 

«♦4-215 «♦0 238 4.0 6.0 42 

U4-a4 40 290 4.1 6.1 35 

«^♦-215 40 255 5.5 5.4 37 

44-218 40 240 5.6 5.6 42 

«♦4-219 40 220 5-7 5.7 59 

1^-225 «♦0 258 5.7 5.7 58 

1^250 40 256 3.9 5.9 56 

44-251 40 256 4.1 6.1 40 

44-252 to 265 5.8 5.8 41 

44-252 40 212 5.5 5.4 45 

«♦5-1 «♦0 220 5.6 5.6 «♦4 
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TABLE XIV (Cont.) TMVTOe 
500 MEOACYCUE POWER GAIN DATA ON FINAL TA-2307 TRANJISTORS 

II 

! 

D 
1 

Input Pow«r • 1.0 W ftttS 

Unit 
No. Volts 

K   1 
Watts 

?G 
db 1 

U5-2 uo 200 3-6 5-6 U5 

»»5-5 UO 223 1+.0 6.0 1+5 

U5.6 uo 220 1+.2 6.2 U7 

t5-8 1+0 23I+ t+.o 6.0 U3 

^5-9 1+0 265 1+.0 6.0 38 

1+5-IO 1*0 21*7 U.3 6.3 1+1+ 

U5-12 1+0 230 U.l 6.1 1+5 

U5-13 1+0 250 l+.O 6.0 UO 

JfJ-l1* 1+0 200 3.9 5.9 U9 

U5-17 50 275 1+.6 6.6 38 

Uj-irO 1+0 23U 3.6 5.6 39 

1*5-21 1+0 262 "♦.5 6.3 Ul 

U5-22 '■*0 190 3.8 5.8 "0 

U5-25 UO 287 5.0 7.0 3U 

1+5-26 1+0 201+ 3.8 5.8 U6 

^5-29 1+0 213 3.6 5.6 1+2 

U5-30 1+0 ISh 3.5 5.5 U5 

^5-3^ 1+0 268 i+.l 6.1 58 

»+5-35 1+0 21+5 3.8 5.8 39 

1+5-36 to 223 U.3 6.3 U8 

^5-39 1+0 235 l+.l 6.1 U8 

ks-kl 1+0 222 1+.2 6.2 UU 
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FIGURE 37    500 MBQACYCIE POWER QAIH TEST SET 
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TRANSISTOR TYPE TA2307 
FREQUENCY 400nic/s 

COMMON EMITTER CIRCUIT 

.? .4 .6 
RF INPUT POWER IN WATTS 

FIGURE 38  RF OUTPUT POWER VERSUS RF INPUT POWER AT VARIOUS 
COLLECTOR SUPPLY VOLTAGES 
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V. OVERALL COXLUSIOMS 

A unique transistor geometry, called the overlay structure, was designed 

which affords considerable advantages ovar  the ir.:.-nüjitated (conb) 

structure. This geooetry results In high design ratios of emitter peri« 

phery to emitter area and emitter periphery to base area which have an 

important influence on the gain-bandwidth product of transistors. 

These improved design ratios are, to a large extent, the result of the 

emitter diffusion pattern. This pattern uses many small squares arranged 

in an array Instead of the few nar^ow stripes associated with comb type 

devices* 

The feasibility of tne originally proposed approach, using the anodic for- 

mation of AlgO over the base metallizing matrix, has been shown by the 

fabrication of several devices exhibiting asplifler performance at low 

current levels. It was felt, however, that the fabrication problems 

associated with this approach were too numerous to be solved within the 

contract period. 

State-of-the-art advances in the techniqiu.s of photomask fabrication, photo- 

lithography and diffusion during development of this device were ecployed in 

the design and development of a diffused overlay structure. This structure 

retained the advantages of the originally proposed device but greatly reduced 

the fabrication difficulties. 

Conmon emitter. Class C, 500 megacycle tuned line amplifiers were deeigncd 

and constructed for ultrahigh frequency measurements of the final devices. 
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Two hundred final transistors fabricated in the modified structure delivered 

500 megacycle output powers of 5.k  to 5.^ watts with one watt of Input 

drive. The median of these units delivered 4.0 watts with 6db of gain. 

The progress realized during this co.-tract period has resulted in the fab- 

rication of silicon transistors capable ox" high power, ultrahigh frequency 

operation far beyond the previous state-of-the-art devices. The advances 

attained in semiconductor technology allow the development of future devices 

that require extremely small geometries and very shallow diffusion« and 

further extends the operating frequency range of silicon transistors. 
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VI. RECOMMENDATIONS 

The ijuportance of the base width aid intrinsic material width for ultra- 

high frequency operation has been discussed. To take full advantage of 

the breakdown voltage available for particular base and intrinsic material 

widths, a thorough investigation of surface effects is recommended. Further 

studies on the use of highly doped layers us conductors are also essential 

fcr additional improvement of the overlay structure. 

Studies of ultra high frequency case designs are required which will allow 

transistors to be packaged in cases giving the least degradation of per- 

formance. 
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VII. PERSONNEL AND MAN HOURS 

THIS SECTION WILL BE COMPLETED UPON APPROVAL OF IHE DRAFT COPY. 
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